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SUMMART
T his  t h e s i s  d e s c r ib e s  r e s e a r c h  c a r r i e d  out i n to  tw o a s p e c ts  o f  w a te r  
s e r v ic e s  in  b u i ld in g s .  I n  b o th  c a se s  d a t a  on th e  demand imposed on th e  
s e r v ic e s  by th e  u s e r s  was a n a ly se d  and com puter s im u la t io n  te c h n iq u e s  
u sed  t o  in v e s t ig a te  perfo rm ance  p a ra m e te r s .
In  th e  f i r s t  a p p l ic a t io n  th e  u se  o f  t o i l e t s  and w ash -b as in s  in  s c h o o l and 
o f f i c e  cloakroom s was s tu d ie d ,  w ith  a  view  f i r s t  t o  e s t a b l i s h in g  th e  
s ta n d a rd  o f  s e r v ic e  p ro v id ed  by  th e  r e g u la t io n s  g o v e rn in g  t h e i r  p r o v is io n  
and seco n d ly  t o  s u g g e s tin g  any n e c e s s a ry  im provem ents. D a ta  was c o l le c t e d  
on le v e l s  o f demand and on th e  way in  w hich th e  f a c i l i t i e s  w ere u t i l i s e d  
and was th e n  u sed  as in p u t d a ta  t o  a  com puter s im u la t io n  m odel. T his 
model was used  t o  p r e d ic t  l e v e ls  o f  perfo rm ance  f o r  d i f f e r e n t  numbers o f  
a p p lia n c e s  u n d er d i f f e r e n t  demand c o n d i t io n s .  R ev ised  s c a le s  o f  p r o v is io n  
have been  p roposed  w hich w ould le a d  t o  changes in  th e  re q u ire d  numbers o f  
a p p lia n c e s  w h ile  m a in ta in in g  a  c o n s i s te n t  s ta n d a rd  o f  s e r v ic e .  The 
e f f e c t s  on th e  demand f o r  w a te r  t o  t h e  cloakroom  w ere a ls o  in v e s t ig a t e d .
The second a p p l ic a t io n  was t o  th e  u se  o f  w a te r  in  th e  h o n e . A system  had  
been  d e s ig n e d  in  w hich warm w aste  w a te r  from th e  b a th ,  hand—b a s in  and 
w ashing-m achine was ta k e n  t o  a  ta n k  w here en e rg y  cou ld  be  e x t r a c te d  t o  
p re -h e a t  th e  su p p ly  t o  th e  h o t w a te r  c y l in d e r .  The w aste  w a te r  co u ld  th e n  
be u sed  to  f lu s h  th e  WC, th u s  s a v in g  w a te r  as  w e ll as e n e rg y . The r e s e a r c h  
com prised th e  developm ent o f  a  com puter s im u la t io n  model o f  th e  system  and 
i t s  u se  t o  t e s t  th e  v i a b i l i t y  o f t h e  system  o v er a  ran g e  o f  c o n d i t io n s .
The model was dev e lo p ed  by  r e f e r e n c e  t o  a  l a b o ra to r y  p ro to ty p e  r i g  w hich 
i s  a ls o  d e s c r ib e d .  A s e p a ra te  com puter program  used  d a t a  on demand f o r  
th e  v a r io u s  w a te r -u s in g  a p p lia n c e s  t o  g e n e ra te  r e a l i s t i c  p a t t e r n s  o f  
demand as d a ta  f o r  th e  m ain m odel.
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PREFACE
The i n t e r a c t i o n  betw een p eo p le  and th e  e n g in e e r in g  s e r v ic e s  which th e y  
u t i l i s e  in  d a i l y  l i f e  i s  co m p lica ted  by th e  v a r i a b i l i t y  o f t h e i r  
b e h a v io u r , b o th  c o l l e c t i v e l y  and as in d iv id u a l s .  I n  s tu d y in g  th e  p e r f o r ­
mance o f  th e s e  s e r v ic e s  in  b u i ld in g s ,  such  v a r i a b i l i t y  becomes o f  prim e 
im p o rta n c e . By u s in g  s im u la t io n  te c h n iq u e s  th e s e  problem s can t o  some 
e x te n t  be b e t t e r  u n d e rs to o d , s in c e  a  g r e a t e r  d eg ree  o f f l e x i b i l i t y  can 
be b u i l t  in to  a  model th a n  can be ach iev ed  by o th e r  m a th em a tic a l m ethods.
T his t h e s i s  d e s c r ib e s  th e  a p p l ic a t io n  o f  s im u la t io n  te c h n iq u e s  t o  two 
s e p a ra te  r e s e a rc h  p r o je c t s  a t  th e  B u ild in g  R esearch  E s ta b lis h m e n t.  Both 
in v o lv e  w a te r -u s in g  a p p lia n c e s  in  b u i ld in g s ,  b u t o th e rw ise  a t  f i r s t  s ig h t  
have l i t t l e  in  common. However th e  tre a tm e n t o f  th e  two problem s was v e ry  
s im i la r  i n  t h a t  d a t a  on demand f o r  th e  s e r v ic e s  had  to  be o b ta in e d , th e n  
p ro c e sse d  in to  a  u s e a b le  fo rm a t. F in a l ly  in  b o th  case s  com puter sim ular- 
t i o n  program s were w r i t t e n  and used  to  s tu d y  th e  d e t a i l e d  i n t e r a c t io n s  
betw een th e  hardw are and th e  p eo p le  u s in g  i t .
B ecause th e  two a re a s  o f  w ork were c a r r i e d  out in d e p e n d e n tly  and a t  
d i f f e r e n t  tim e s  th e y  a re  covered  s e p a r a t e ly  h e r e .  The f i r s t  m ain s e c t io n  
d e s c r ib e s  th e  work c a r r i e d  out on im proving  th e  s c a le s  o f  p r o v is io n  f o r  
s a n i t a r y  accommodation in  s c h o o ls  and o f f i c e s .  The second s e c t io n  
d e s c r ib e s  a  s im u la t io n  e x e rc is e  c a r r i e d  out f o r  a  d o m e stic  w a te r  r e c y c l in g  
scheme i n  w hich b o th  w a te r  and h e a t in g  en erg y  cou ld  be sa v e d . F in a l ly  a  
s h o r t  t h i r d  s e c t io n  draw s c o n c lu s io n s  about th e  approach  t o  th e  two 
s u b je c t s .
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SECTION I
SANITARY ACCOMMODATION IN SCHOOLS AND OFFICES
11
1. BACKGROUND AND INTRODUCTION
1.1 I n t r o d u c t io n
The number o f t o i l e t s  and  w ash b asin s  p ro v id e d  in  cloakroom s i n  b u i ld in g s  o f 
a l l  ty p e s  i s  governed  by a  v a r i e t y  o f  s ta n d a rd s  and r e g u la t io n s  f o r  w hich 
th e r e  i s  no known t h e o r e t i c a l  o r  e x p e rim e n ta l b a s i s .  Each a r e a  i s  covered  
by a  d i f f e r e n t  r e g u la t io n  (eg  1 ,2 ) and u n t i l  1974 th e  r e le v a n t  B r i t i s h  
S tan d a rd  Code o f  P r a c t i c e  (3 )  recommended d i f f e r e n t  s c a le s  a g a in , a l th o u g h  th e  
r e v is e d  Code (4 ) re p ro d u c e s  th o s e  o f  th e  A c ts .  The g e n e ra l p r a c t i c e  a p p e a rs  
to  be one o f ’ r u le  o f  thumb* b u i l t  up o v e r th e  y e a rs  and o f th e  a p p l i c a t io n  
o f th e  c r i t e r i o n  th a t  i f  th e r e  a r e  no co m p la in ts  th e n  th e  l e v e l  o f  p ro v is io n  
i s  good enough. T h is  ty p e  o f  s i t u a t i o n  i s  common to  o th e r  b u i ld in g  s e r v ic e s  
i n  w hich th e  ’ r ig h t*  le v e l  o f  p r o v is io n  i s  d ic t a t e d  no t by e n g in e e r in g  
c a lc u la t io n s  b u t by some m easure o f  a  ’ s a t i s f a c to r y *  s e r v ic e  in v o lv in g  th e  
r e a c t io n s  o f th e  u s e r s  to  th e  f a c i l i t i e s  p ro v id e d . One problem  i n  t h i s  f i e l d ,  
f o r  exam ple, i s  t h a t  from  any  g iv e n  le v e l  o f p ro v is io n  t h a t  a  group o f p eo p le  
a re  accustom ed t o ,  any d e c re a se  r e s u l t s  i n  a  ’worse* s i t u a t i o n  w h ile  any 
in c re a s e  le a d s  to  an  ’ im provem ent*. As a  r e s u l t  th e  te n d e n c y  h as  been  f o r  
p ro v is io n  to  e r r  on th e  s id e  o f  g e n e r o s i ty  and i t  was p a r t l y  to  see  i f  any  
sa v in g s  co u ld  be made th a t  t h i s  s tu d y  was u n d e r ta k e n .
In  th e  case  o f s a n i t a r y  accom m odation, th e  number o f a p p l ia n c e s  r e q u i r e d  by 
th e  v a r io u s  codes and r e g u la t io n s  i n  g e n e ra l r i s e s  l i n e a r l y  w ith  th e  p o p u la t io n  
s e rv e d . Sim ple a p p l ic a t io n  o f q u eu e in g  th e o ry  (eg  5 ) t  how ever, shows t h a t  i n  
a  * u se r-se rv e r*  s i t u a t i o n  th e  number o f s e rv e r s  does n o t have to  r i s e  i n  
s t r i c t  p ro p o r t io n  to  th e  number o f u s e r s  f o r  a  c o n s is te n t  s ta n d a rd  o f  s e r v ic e  
to  be m a in ta in e d . I n  th e  case  o f  s c h o o ls ,  in  a d d i t io n  to  t h i s  l i n e a r i t y  th e  
r e g u la t io n s  c o n ta in  d i s c o n t i n u i t i e s  i n  th e  s c a le s  w hich d e fy  lo g i c a l  
e x p la n a tio n s  (s e e  T ab le  1 .1 .1 ) .
T h is  s e c t io n  o f  th e  t h e s i s  d e s c r ib e s  th e  a tte m p t t o  f in d  a  s e t  o f  r a t i o n a l l y  
c o n s is te n t  s c a le s  o f p r o v is io n  f o r  s a n i t a r y  accom m odation i n  sc h o o ls  and  
o f f i c e s .
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The app roach  ad o p ted  was to  examine a  s e l e c t i o n  o f b u i ld in g s  i n  each  c a te g o ry  
to  f in d  ou t e x a c t ly  how th e  o ccu p an ts  u t i l i s e d  th e  f a c i l i t i e s  a v a i l a b l e  to  
them , A com puter s im u la t io n  model was th e n  c o n s tru c te d  w h ich t when sub­
je c te d  to  d i f f e r e n t  p a t t e r n s  o f demand f o r  th e  f a c i l i t i e s ,  p r e d ic te d  th e  
s ta n d a rd  o f  s e r v ic e  o f f e r e d  by a  g iv e n  c o n f ig u r a t io n  o f a p p l ia n c e s .  By 
d e c id in g  on a  ‘ s a t i s f a c to r y *  d e s ig n  v a lu e  f o r  t h i s  s ta n d a rd  o f  s e r v ic e  a  
s e t  o f c o n s is te n t  s c a le s  o f  p ro v is io n  co u ld  be drawn u p .
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A p p lia n ces P rim ary  S ch o o ls S econdary  S ch o o ls
All fittings 
(WCs and urinals)
L ess th a n  50 p u p i l s  — 
2 f i t t i n g s  p e r  40 , o r  
p a r t  t h e r e o f ,  p lu s  2 
a d d i t io n a l  f i t t i n g s
L ess th a n  1000 p u p i l s  -  
2 f i t t i n g s  p e r  30 , o r  p a r t  
th e r e o f
More th a n  50 p u p i l s  -  
2 f i t t i n g s  p e r  40 , o r  
p a r t  th e r e o f ,  p lu s  4  
a d d i t io n a l  f i t t i n g s
More th a n  1000 p u p i l s  -  a s  
approved  in  each  case
WCs o n ly
G i r l s  -  a l l  f i t t i n g s  
Boys u n d e r 8  y e a r s  -  
o p t io n a l  a l l  f i t t i n g s
G ir l s  -  a l l  f i t t i n g s
Urinals
Boys o v er 8 y e a r s  -  
1 /3  o f  f i t t i n g s  t o  be 
WCs, b a la n c e  t o  be 
u r i n a l s
Boys u n d er 8 y e a r s  -  
up to  2 /3  o f  f i t t i n g s  
may be u r i n a l s
Boys -  1 /3  o f  f i t t i n g s  t o  be 
WCs, b a la n c e  t o  b e  u r i n a l s
Wash-basins
Not l e s s  th a n  th e  
number o f  f i t t i n g s
Not l e s s  th a n  th e  number o f  
f i t t i n g s
TABLE 1 .1 .1  -  CURRENT SCALES FOR SCHOOLS -  a s  s p e c i f i e d  i n  S I89O and CP305
U
1 .2  R e la te d  work
P r io r  to  th e  s t a r t  o f  t h i s  in v e s t ig a t io n ,  th e r e  was v e ry  l i t t l e  p u b lish e d  
work a v a i l a b l e  i n  th e  f i e l d .  As e x p la in e d  above, th e  v a r io u s  r e g u la t io n s  and 
codes i n  t h i s  c o u n try  do n o t seem to  be b ased  on any  s c i e n t i f i c  ap p ro ach  to  
th e  problem  o f  d e te rm in in g  le v e l s  o f  p r o v is io n .  No r e c o rd  o f  a  s y s te m a tic  
a t te m p t to  m o n ito r u sag e  o f  s a n i t a r y  accom m odation i s  known to  e x i s t ,  though  
i t  i s  l i k e l y  t h a t  sm all s c a le  e x e r c is e s  have i n  f a c t  been  u n d e r ta k e n  in  
in d iv id u a l  b u i ld in g s .
I n  o th e r  c o u n t r ie s  th e  p ic tu r e  i s  o n ly  s l i g h t l y  d i f f e r e n t .  In  A m erica 
v a r io u s  i n s t i t u t i o n s  have u n d e rta k e n  in v e s t ig a t io n s  on a  l im i t e d  s c a l e .  F o r 
exam ple i n  1961 th e  U n iv e r s i ty  F a c i l i t i e s  R esearch  C en te r p u b lish e d  a  r e p o r t ( 6 )  
on th e  plum bing f i x t u r e  re q u ire m e n ts  i n  U n iv e r s i ty  b u i ld in g s .  O bse rvers  were 
p la c e d  i n  cloakroom s to  m o n ito r u sage  o f th e  v a r io u s  a p p l ia n c e s  and th e y  
o b ta in e d  v a lu e s  f o r  th e  mean le n g th  o f  tim e  f o r  w hich each  ty p e  o f  a p p l ia n c e  
was o ccu p ied  and a l s o  f o r  th e  r a t e  a t  w hich th e y  w ere u s e d . T h is  l a t t e r  
in fo rm a tio n  i s  o b v io u s ly  p e c u l ia r  to  th e  A m e ric a n -s ty le  u n i v e r s i t y  campus and 
th e  demand p a t t e r n  i s  n o t a p p l ic a b le  to  e i t h e r  o f f i c e s  o r  sc h o o ls  i n  t h i s  
c o u n try . I n  a p p ly in g  t h e i r  r e s u l t s ,  a  f ix e d  le v e l  o f a p p l ia n c e  numbers p e r  
head o f p o p u la t io n  was aimed a t ,  le a d in g  to  a  l i n e a r  s c a le ,  w hich a s  d i s ­
cu ssed  e a r l i e r ,  i s  no t what th e  system  r e a l l y  r e q u i r e s  and w i l l  le a d  e i t h e r  
to  o v e r -p ro v is io n  i n  la r g e  cloakroom s o r  i n  s m a l le r  o n e s . The c r i t e r i o n  
a d o p ted  was t h a t  no u s e r  sh o u ld  w a it lo n g e r  th a n  th e  mean o c c u p a tio n  tim e  
f o r  any  f i x t u r e .  As w i l l  be re c o rd e d  l a t e r ,  e x p e rie n c e  h as  shown t h a t  u s e r s  
w i l l  g iv e  up and go away much so o n er th a n  t h i s ,  e s p e c i a l l y  i f  e x p e c te d  to  w a it 
more th a n  fo u r  m inu tes f o r  a  WC.
A second  group o f Am erican p a p e rs  i s  concerned  w ith  th e  d e s ig n  and la y o u t o f 
th e  washroom i t s e l f .  F o r example i n  *The Men’ s Room* (7)»  a  su rv e y  o f  demand 
f o r  a p p l ia n c e s  in  an  a i r p o r t  washroom was c a r r i e d  o u t ,  w ith  a  view  to  d e t e r ­
m in ing  th e  r e l a t i v e  f r e q u e n c ie s  o f  d i f f e r e n t  p a t t e r n s  o f  u sag e  o f  th e  v a r io u s
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a p p l ia n c e s .  From t h i s  th e  a u th o rs  dev e lo p ed  th e  b e s t  la y o u t f o r  th e  a p p l ia n c e s ,  
ta k in g  in to  acco u n t ro u te s  betw een , f o r  in s ta n c e ,  WC and b a s in  and a l s o  such  
f a c t o r s  a s  p r iv a c y  and space  re q u ire m e n ts .  No a tte m p t was made to  d e te rm in e  
th e  a c tu a l  number o f  a p p l ia n c e s  to  be p ro v id e d .
One p ie c e  o f  work w hich d id  a tte m p t to  s o lv e  th e  same problem s a s  t h i s  t h e s i s  
was c a r r i e d  o u t i n  Jap an  by Y o sh itak e  (8 )  i n  h i s  in v e s t ig a t io n s  in to  th e  ’ S iz e  
e s t im a t io n  and f u n c t io n a l  p la n n in g  o f  b u i ld in g  f a c i l i t i e s ’ . T h is  co v ered  a  
whole ran g e  o f b u i ld in g  f a c i l i t i e s  in c lu d in g  l i f t s ,  h o s p i ta l  d e p a rtm e n ts , and 
room s iz e s  f o r  d w e ll in g s , sch o o l c la ssro o m s and l i b r a r i e s  to g e th e r  w ith  t o i l e t  
p ro v is io n  in  o f f i c e s ,  s c h o o ls  and c inem as. Y o sh itak e  was t r y i n g  to  a r r i v e  a t  a  
g e n e ra l method o f s i z i n g  b u i ld in g  s e r v ic e s  and i d e n t i f i e d  two c r i t e r i a  f o r  
d o ing  s o .  I n  th e  f i r s t  a  l i m i t  was p u t on th e  av e ra g e  p ro p o r t io n  o f u s e r s  
•overflow ing*  th e  number o f a p p l ia n c e s .  T h is ,  he s u g g e s te d , was to  be u sed  
when demand was r e l a t i v e l y  even o v er a  le n g th y  p e r io d  o f  t im e . I n  th e  second , 
f o r  u se  i n  h e a v i ly  peaked  demand s i t u a t i o n s  such  as  cinem as, he su g g e s te d  
l i m i t i n g  th e  r a t i o  o f th e  av e ra g e  w a it in g  tim e  to  th e  av e ra g e  o c c u p a tio n  t im e . 
B oth a r e  v a l id  ap p ro ach es  and w i l l  be se e n  l a t e r  to  have been  ad o p ted  a t  l e a s t  
i n  p a r t  i n  th e  p re s e n t  s tu d y .
The d a ta  c o l l e c t io n  e x e rc is e  was r a t h e r  l im i t e d ,  c o v e rin g  o n ly  one o r  two days 
i n  each  o f  th r e e  o f f i c e  b u i ld in g s  and th r e e  s c h o o ls .  The d a i ly  r o u t in e  i n  
Jap an ese  sc h o o ls  i n  th e  ’ 50s* seems to  have bo rne  v e ry  l i t t l e  r e l a t i o n s h i p  to  
t h a t  o f  B r i t i s h  sc h o o ls  i n  th e  ’ 7 0 s ’ and  th e  d a ta  c o l le c te d  i s  p ro b a b ly  l a r g e l y  
i r r e l e v a n t .  F o r o f f i c e s  he found  a  P o is s o n  d i s t r i b u t i o n  o f  a r r i v a l s  a t  th e  
t o i l e t s  w ith  s l i g h t  bu t u n m is ta k a b le  peak  p e r io d s  o f  demand a ro u n d  noon . He 
a l s o  e s ta b l i s h e d  th a t  women o f te n  u se d  th e  f a c i l i t i e s  in  g ro u p s . B oth  th e s e  
r e s u l t s  were o b ta in e d  i n  t h i s  c o u n try  and a re  d is c u s s e d  i n  c h a p te r  2 .4 -  
D is t r ib u t io n s  o f  o c c u p a tio n  tim es  w ere a l s o  o b ta in e d , bu t th e  number o f  
o b s e rv a tio n s  was i n s u f f i c i e n t  to  g iv e  sm ooth cu rv es  o r  a c c u ra te  mean v a lu e s .
The means a r e  q uo ted  i n  c h a p te r  2 .4 f  how ever, and th e  d i s t r i b u t i o n s  te n d e d  
tow ards th e  s ta n d a rd  sh a p e .
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The m ajor d i f f e r e n c e  betw een th e  Ja p an ese  app roach  and th e  p re s e n t  one i s  in  
th e  u se  o f th e  d a ta .  Y o sh itak e  u se d  s t a t i s t i c a l  m ethods to  e s t im a te  numbers 
o f a p p l ia n c e s  p e r  head  o f  p o p u la tio n  s e rv e d . To do t h i s  he u sed  th e  mean 
v a lu e  o f  th e  ex tre m e ly  skewed o c c u p a tio n  tim e  d i s t r i b u t i o n s  and co u ld  ta k e  
no acco u n t o f th e  in te rd e p e n d e n c e  o f  demand f o r  d i f f e r e n t  a p p l ia n c e s ,  n o r 
a c c u r a te ly  rep ro d u ce  th e  r a p id ly  v a ry in g  demand p a t t e r n  w hich e x i s t s  in  
s c h o o ls .  The s im u la t io n  app ro ach  ad o p ted  h e re  g iv e s  r e s u l t s  i n  w hich i t  i s  
p o s s ib le  to  f e e l  much more c o n fid e n c e , i n  t h a t  a  complex s i t u a t i o n  has been  
rep ro d u ced  a c c u r a te ly  w ith o u t re c o u rs e  to  th e  s im p l i f i c a t i o n  in h e re n t  in  any 
m a th em atica l t r e a tm e n t .
A f te r  th e  work d e s c r ib e d  i n  t h i s  t h e s i s  had been  com pleted , and w h ile  r e p o r t s  
w ere b e in g  p re p a re d  (9»10»11)» o th e r  a u th o rs  a ls o  p u b lish e d  r e p o r t s .
D H enning, o f th e  C anadian N a tio n a l R esearch  C o u n c il, p u b lish e d  a  p a p e r in  
1975 (12) co n ce rn in g  a  s tu d y  u n d e r ta k e n  i n  one p a r t i c u l a r  t h e a t r e  b u i ld in g .
H is method was to  u se  o b s e rv e rs  in s id e  and o u ts id e  th e  cloakroom s, r e c o rd in g  
comments on to  p o r ta b le  ta p e  r e c o r d e r s .  D ata  was o b ta in e d  on o c c u p a tio n  tim e  
d i s t r i b u t i o n s  and demand r a t e s .  He th e n  u sed  a  hand s im u la t io n  ( i e  on p ap e r 
r a th e r  th a n  on a com puter) to  p r e d ic t  th e  numbers o f  a p p l ia n c e s  r e q u ir e d  to  
s a t i s f y  a l l  demand d u r in g  an  in t e r m is s io n .  To make t h i s  s im u la t io n  manage­
a b le ,  s e v e ra l  d ram a tic  s im p l i f i c a t io n s  had to  be made.
However, l a t e r  i n  1975» H enning p u b lish e d  a  second p a p e r  (13) i n  w hich he 
r e p o r te d  th e  u se  o f th e  GPSS s im u la t io n  lan g u ag e  to  model t o i l e t  u se  i n  a  
shopp ing  p r e c in c t .  D ata had a ls o  been  c o l le c te d  to  su p p ly  t h i s  m odel, b u t 
no c o n c lu s io n s  were drawn. I n  1977» a  t h i r d  p a p e r  ( 14) d is c u s s e d  th e  
a p p l i c a t io n  o f s im u la tio n  to  s t a d i a  and  th e a t r e s  a s  w e l l .  Only l im i t e d  d a ta  
was a v a i la b le  and , b e in g  p u b lic  t o i l e t s ,  em phasis was p la c e d  on e s ta b l i s h in g  
th e  r a t i o  o f  WCs to  u r in a l s  i n  th e  men’ s cloakroom s; th e  assu m p tio n  b e in g , i t  
seem s, t h a t  WCs a re  u sed  m ain ly  a s  i f  th e y  w ere u r i n a l s .  The s im u la t io n  u sed  
was a  s ta n d a rd  one, bu t r a th e r  more fo rm a lis e d  th a n  t h a t  u sed  i n  t h i s  s tu d y .
F in a l ly ,  a s  p a r t  o f  an  a tte m p t to  r a t i o n a l i s e  a l l  b u i ld in g  s e r v ic e s ,  p e rh ap s  
a lo n g  th e  Jap an ese  l i n e s ,  G reen and S ta f f o r d  Sm ith p u b lish e d  a  p a p e r i n  1976 
(15) on th e  P r o b a b i l i s t i c  A n a ly s is  app ro ach  to  s a n i t a r y  p r o v is io n .  They u sed  
th e  b in o m ia l p r o b a b i l i t y  fu n c t io n  to  g e n e ra te  a  s e r i e s  o f v a lu e s  f o r  th e  
p r o b a b i l i t y  t h a t  (n  + 1) o r  more p eo p le  w ish  to  u se  a  s e t  o f  n  a p p l ia n c e s  a t  
th e  same t im e . T h is  th e y  d e f in e d  a s  th e  f a i l u r e  o f th e  system  and th e y  
p roduced  a  s e t  o f  cu rv es  g iv in g  th e  number o f a p p l ia n c e s  a g a in s t  th e  
p o p u la t io n  s e rv e d  by th e  cloakroom  f o r  w hich t h i s  p r o b a b i l i t y  i s  l e s s  th a n  a  
g iv e n  v a lu e .
To o b ta in  th e s e  cu rv es  th e y  u sed  v a lu e s  o f  mean o c c u p a tio n  tim e  and demand 
r a t e  p e r  head  o f p o p u la t io n  f o r  each  a p p lia n c e  ty p e .  T h is  in fo rm a tio n  was 
p ro v id e d  from  th e  BRS s tu d ie s  on o f f i c e s  w hich w ere by th e n  co m p le te . D ata 
f o r  sc h o o ls  had n o t been  p u b lish e d  a t  t h a t  tim e  and so  Green and S ta f f o r d  Sm ith 
made e s t im a te s .
The s c a le s  o f p ro v is io n  p roduced  by t h i s  method c e r t a i n l y  showed th e  e x p e c te d  
n o n - l in e a r  shape and , depend ing  on th e  v a lu e  o f th e  f a i l u r e  p r o b a b i l i t y  
a d o p te d , p r e d ic te d  r e d u c t io n s  i n  a p p l ia n c e s  numbers from  th e  e x i s t i n g  
r e g u la t io n s .  The two p r o b a b i l i t i e s  u sed  w ere 0.001 and 0 .01 th a t  th e r e  w ould 
be a  queue. T here a r e  s t i l l  r e s e r v a t io n s  w ith  th e  s t a t i s t i c a l  ap p ro ach  and 
th e s e  w i l l  be d is c u s s e d  more f u l l y  l a t e r .  I t  must be n o te d , how ever, t h a t  th e  
s c a le s  produced  by u s in g  th e  0.001 f a i l u r e  r a t e  a r e  f a i r l y  c lo s e  to  th o s e  
d e s c r ib e d  i n  C hap ter 4*
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2 . DATA COLLECTION
2.1  D ata  r e q u ir e d
The in v e s t ig a t io n s  i n  s c h o o ls  and o f f i c e  b u i ld in g s  w ere conducted  i n  r a t h e r  
d i f f e r e n t  ways and so  w i l l  be d is c u s s e d  i n  d e t a i l  s e p a r a t e ly .  However th e  
b a s ic  re q u ire m e n ts  o f  th e  d a ta  c o l l e c t i o n  e x e rc is e  w ere th e  same i n  b o th  c a s e s .
The system  u n d e r c o n s id e r a t io n  c o n s i s t s  o f  a  c o l l e c t i o n  o f t o i l e t s  ( u r in a l s  
and WC's) and  w a sh b a s in s . These com prise  a  cloakroom  and s e rv e  a  g iv e n  
p o p u la t io n  o f u s e r s ,  i n  g e n e ra l o f  one sex  o n ly . I n  o rd e r  to  d e s c r ib e  t h i s  
system  a d e q u a te ly  one needs in fo rm a tio n  i n  th r e e  d i s t i n c t  a r e a s :
(1 ) The p a t t e r n  o f demand e x e rc is e d  by th e  u s e r s  on th e  cloakroom  a s  a  w hole. 
T h is  in v o lv e s  f in d in g  th e  r a t e  a t  w hich th e  u s e r s  a r iv e  to  u se  th e  
f a c i l i t i e s  and how t h i s  r a t e  v a r i e s  d u r in g  th e  day and  from  day  to  day . 
T h is  in fo rm a tio n  i s  b e s t  e x p re s se d  a s  t h a t  p e rc e n ta g e  o f  th e  p o p u la t io n  
se rv e d  by th e  cloakroom  w hich e n te r s  th e  cloakroom  i n  some s u i t a b l e  
tim e  i n t e r v a l .
(2 ) Once th e  u s e r  i s  i n  th e  cloakroom , w hich o f th e  a p p l ia n c e s  does he o r  she  
u se?  One needs to  know th e  d i s t r i b u t i o n  o f  WC, u r i n a l ,  and  b a s in ,  a s  
•p rim ary  req u irem en ts*  and a l s o  what p ro p o r t io n  o f t o i l e t  u s e r s  
s u b se q u e n tly  wash t h e i r  hands a t  th e  b a s in .
(3 ) One a l s o  needs to  know f o r  how lo n g  a  p a r t i c u l a r  ty p e  o f  .a p p lia n c e  
rem ains i n  u s e .  I n  o th e r  w ords, o c c u p a tio n - tim e  d i s t r i b u t i o n s  have to  
be found  f o r  each  ty p e  o f a p p l ia n c e  i n  each  ty p e  o f s i t u a t i o n .  
D is t r ib u t io n s  f o r  m ale u s e r s  w i l l  d i f f e r  from  th o s e  f o r  fem a le s  and 
a d u l t s  may w e ll be d i f f e r e n t  from  sch o o l c h i ld r e n .
A ll o f  th e s e  a r e a s ,  and p a r t i c u l a r l y  th e  second  and t h i r d ,  n e c e s s i t a t e  
in v e s t ig a t io n s  o f a  r a t h e r  s e n s i t i v e  n a tu re  and  te c h n iq u e s  had to  be ev o lv ed
w hich in t ru d e d  a s  l i t t l e  as  p o s s ib le  on th e  p r iv a c y  o f  th o s e  u n d e r o b s e rv a tio n ,  
w h ile  a t  th e  same tim e  e x t r a c t in g  a s  much a c c u ra te  d a ta  a s  p o s s ib le .
I n  view  o f t h i s  l a s t  s ta te m e n t i t  m ight seem s tr a n g e  t h a t  one o f th e  m ethods 
ad o p ted  in v o lv e d  th e  u se  o f  t im e - la p s e  c in e  cam eras. However t h i s  app roach  
was th e  o n ly  one w hich p ro v id e d  s u f f i c i e n t l y  a c c u ra te  d a ta  w ith o u t em ploying 
o b s e rv e r s ,  a s  w i l l  be d is c u s s e d  l a t e r .
R eferen ce  to  th e  th r e e  ty p e s  o f d a ta  d is c u s s e d  above w i l l  show th a t  th e  
second  and t h i r d  r e q u i r e  r e a l l y  d e t a i l e d  ex am in a tio n  o f th e  way p eo p le  u se  
t o i l e t  f a c i l i t i e s  and must be o b ta in e d  from  in s id e  th e  cloakroom . The f i r s t  
ty p e ,  how ever, can a d e q u a te ly  be s tu d ie d  from  o u ts id e ,  by s im p ly  co u n tin g  
p eo p le  e n te r in g  th e  cloakroom .
I t  i s  a l s o  f o r tu n a t e  t h a t  th e  d a ta  most l i k e l y  to  v a ry  from  one b u i ld in g  to  
a n o th e r  i s  t h a t  in  th e  f i r s t  c a te g o ry . W hile i t  can f a i r l y  re a s o n a b ly  be 
assum ed t h a t  p e o p le 's  p h y s io lo g ic a l  b e h a v io u r  i s  in d ep en d en t o f  en v ironm en t, 
d i f f e r e n t  w orking  c o n d it io n s  may w e ll im pose d i f f e r e n t  c o n s t r a in t s  on th e  
p a t t e r n  o f  usage  o f th e  f a c i l i t i e s .
I t  was th e r e f o r e  d ec id ed  th a t  a s  f a r  a s  o f f i c e s  were concerned  th e  d e t a i l e d  
o b s e rv a tio n s  would be c a r r i e d  o u t a t  th e  B u ild in g  R esearch  S ta t io n ,  where 
s t a f f  a r e  more accustom ed to  h av in g  t h e i r  b eh a v io u r m o n ito re d . The l e s s  
d e t a i l e d  o b s e rv a tio n s  cou ld  th e n  be conducted  in  s e v e ra l  o th e r  b u i ld in g s  
c o v e rin g  a  ran g e  o f o f f i c e  en v iro n m en ts .
F o r s c h o o ls  th e  problem  i s  n o t so e a s i l y  r e s o lv e d .  I n  in f a n t  and p rim ary  
s c h o o ls ,  how ever, th e  t o i l e t  f a c i l i t i e s  a r e  o f te n  in c o rp o ra te d  d i r e c t l y  i n  th e  
c lassroom  a r e a  so t h a t  m o n ito r in g  th e  wc c u b ic le s  and w ash b asin s  becomes e a sy . 
I t  was f o r  t h i s  purpose t h a t  th e  c in e -cam e ra  te c h n iq u e  was d ev e lo p ed . I t  was
20
a l s o  p o s s ib le  to  mount th e  cam eras in s id e  some cloakroom s and by c a r e fu l  
p o s i t i o n in g ,  to  c o l l e c t  a c c u ra te  d a ta  w ith o u t becom ing to o  i n t r u s i v e .
The cam eras w ere a l s o  u s e f u l  i n  o f f i c e  b u i ld in g s  w here th e y  co u ld  s u c c e s s f u l ly  
m o n ito r th e  e n tra n c e  to  th e  c loakroom s. B ecause th e y  w ere u sed  i n  a  v a r i e ty  
o f lo c a t io n s  i t  i s  p ro b a b ly  b e s t  to  d is c u s s  them s e p a r a t e ly  h e re .
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2 .2  T im e-la p se  c in e  cam eras
The overw helm ing ad v an tag e  o f c in e  cam eras o v e r o th e r  a u to m a tic  m o n ito r in g  
m ethods i s  t h a t  am b ig u ity  i s  red u ced  to  an  a b s o lu te  minimum* b o o r sw itc h e s  
and l i g h t  beams have t h e i r  u se s  b u t i t  i s  im p o ss ib le  to  d e te c t  more th a n  one 
p e rso n  p a s s in g  th ro u g h  a  door o r  beam a t  th e  same tim e , and u n le s s  e la b o ra te  
sequences a r e  i n s t a l l e d  no in d i c a t io n  o f d i r e c t i o n  o f  movement can be g a in e d .
I n  th e  c h i ld r e n ’ s t o i l e t s  v a lu a b le  in fo rm a tio n  on what th e  b a s in s  w ere a c t u a l l y  
u sed  f o r  was a l s o  o b ta in e d .
The cam eras u sed  were M in o lta  A utopak 8-b6  S uper-8  c in e  cam eras, w hich w ere 
d e s ig n e d  f o r  t im e - la p s e  work a s  w e ll a s  f o r  co n tin u o u s  f i lm in g .  The le n s  was 
an  P 1 .8  zoom ty p e  w ith  a  f o c a l  le n g th  v a ry in g  from  8 .4  nun to  50 mm. T his 
a llo w ed  c o n s id e ra b le  f l e x i b i l i t y  o f fo c u s s in g  to  com pensate f o r  r e s t r i c t i o n s  
im posed on s i t i n g  th e  cam eras. The cam era was powered by f o u r  1 .5  v o l t  
a lk a l in e  b a t t e r i e s .
Each cam era was f i t t e d  w ith  an  In te rv a lo m e te r  w hich , when co n n ec ted  to  th e  
t r i g g e r  so c k e t on th e  cam era, caused  th e  s h u t t e r  to  o p e ra te  a t  s e le c te d  
i n t e r v a l s .  The range  o f f e r e d  by t h i s  p a r t i c u l a r  in s tru m e n t was 0 .5  to  60 
se c o n d s . A f te r  c a r e fu l  t e s t s  i t  was d e c id e d  to  u se  i n t e r v a l s  o f 1 second  
th ro u g h o u t, p a r t l y  b ecause  i t  was th e n  e a s i e r  to  tim e  e v e n ts  and p a r t l y  
b ecau se  a t  h ig h e r  i n t e r v a l s  th e  d an g er o f  m iss in g  a c t i v i t y  i n  f r o n t  o f  th e  
cam era became s i g n i f i c a n t .  The perfo rm ance  o f  each  in te r v a lo m e te r  was t e s t e d  
by c o u n tin g  t r i g g e r  p u ls e s  o v e r an  a c c u r a te ly  known tim e  i n t e r v a l .  A d ju stm en ts  
were made to  en su re  t h a t  f o r  each  one th e  i n t e r v a l  was w e ll w i th in  1 fo on th e  
1 second  ra n g e . F u r th e r  t e s t s  on th e  l i f e  o f  th e  in te rv a lo m e te r  b a t t e r i e s  
showed t h a t  th e  in s tru m e n t m a in ta in e d  t h i s  a c c u ra c y  o v e r a  p e r io d  o f  a t  l e a s t  
a  f o r t n i g h t .
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The cam eras u sed  Super 8 f i lm  c a r t r id g e s  w hich were v e ry  co n v en ien t to  u se  and 
n o rm a lly  c o n ta in e d  50 f t  o f  f i lm .  However, i n  o rd e r  to  in c re a s e  th e  le n g th  o f 
f i lm in g  a v a i la b l e  a  s p e c ia l  Kodak f i lm  c a l le d  MFX was u sed  f o r  most o f  th e  w ork. 
T h is  was a  b la c k  and w h ite  f i lm  on a  s p e c ia l  t h i n  b ase  e n a b lin g  a  c a r t r id g e  
to  h o ld  100 f t .  I t  was d e s ig n e d  s p e c i f i c a l l y  f o r  t im e - la p s e  work u n d e r low 
le v e l s  o f  i l lu m in a t io n ,  h av in g  a  sp eed  o f  160 ASA. i n  a r t i f i c i a l  l i g h t .  At an 
exposu re  r a t e  o f  1 fram e p e r  second  each  f i lm  l a s t e d  2 h o u rs .
The f i lm s  w ere dev e lo p ed  by a  l a b o r a to r y  s p e c i a l i s i n g  i n  c in e  f i lm s  and were 
view ed on a  German-made f i lm  e d i t o r .  T h is  d e v ic e  c o n s is te d  o f two r e e l  
h o ld e rs  mounted a t  o p p o s ite  ends o f  a  t r a c k ,  i n  th e  c e n t r e  o f  w hich was a  
sm all p r o j e c to r .  T h is  p r o je c te d  th e  f i lm  on to  a  sm a ll s c re e n  mounted on th e  
u n i t .  The f i lm  a l s o  p a sse d  o v er th e  s p ro c k e te d  w heels o f a  fram e c o u n te r .
The f i lm  was th e n  wound th ro u g h  by hand and by n o tin g  th e  fram e numbers o f  th e  
b e g in n in g  and end o f  i n t e r e s t i n g  e v e n ts ,  th e  t im in g  o f th e s e  cou ld  be 
d e te rm in e d .
The f i r s t  cam era t r i a l  was conducted  i n  th e  men’ s cloakroom  i n  th e  In fo rm a tio n  
B u ild in g  a t  BRS, p a r t l y  i n  o rd e r  to  t e s t  th e  cam eras i n  o p e ra t io n  and  p a r t l y  
t o  c o l l e c t  some d a ta .  The cam era was mounted i n  a  s p e c i a l l y  d e s ig n e d  wooden 
box and fo c u sse d  on a  row o f wash b a s in s  from  a  h e ig h t o f  ab o u t 9 f t .  I t  was 
sw itch ed  on by  hand j u s t  b e fo re  th e  b re a k  i n  a  sem in ar b e in g  h e ld  i n  th e  
L e c tu re  T h e a tre .  . A la r g e  number o f  p a r t i c i p a n t s  e n te re d  th e  cloakroom  and 
p ro v id ed  u s e fu l  in fo rm a tio n  o f occupancy tim es  f o r  w a s h -b a s in s . T h is  was 
re p e a te d  s e v e ra l  tim e s  to  co v er d i f f e r e n t  b re a k  p e r io d s .
Camera M ounting
The boxes to  h o ld  th e  cam eras w ere b u i l t  i n  th e  BRS Workshops and c o n s is te d  o f  
a  wooden fram ework c o n ta in in g  a  screw  f i t t i n g  f o r  th e  t r i p o d  so c k e t on th e  
cam era. T h is  fram e had a  s o l id  back  w ith  a  m e ta l b ra c k e t s e c u re d  to  i t  w ith  
screw s from  th e  in s id e .  Around t h i s  fram e was p la c e d  a  plywood ca se  c o n ta in in g
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a  p e rsp e x  window f o r  th e  le n s  and w ith  a  sm all c a b in e t  lo c k  to  s e c u re  i t *
These a rran g em en ts  were n e c e s s a ry  to  p re v e n t ta m p erin g  w ith  th e  cam era c o n t ro l s  
and to  d is c o u ra g e  th e f t*  A p h o to g rap h  o f  a  cam era and  in te rv a lo m e te r  mounted 
i n  th e  box i s  shown i n  F ig  2*2*1*
I n  o rd e r  to  a llo w  a  f l e x i b l e  m ounting  method a  s e t  o f  u n iv e r s a l  c o u p lin g  
com ponents was d e v ise d , by means o f  w hich th e  b ra c k e t  on th e  back  o f th e  box 
co u ld  be f ix e d  r i g i d l y  to  a n o th e r  b ra c k e t  screw ed to  th e  w a ll o r  c e i l i n g ,  b u t 
co u ld  be p o s i t io n e d  a t  any  r e q u ir e d  a n g le .  The c o u p lin g  s e c t io n s  were lo c k ed  
in to  p o s i t i o n  by means o f so c k e te d  b o l t s ,  a g a in  to  d e te r  ta m p e re rs .
T h is  m ounting method worked w e ll i n  most s i t u a t i o n s ,  b u t p a r t i c u l a r  r e q u i r e ­
m ents i n  one o r  two b u i ld in g s  n e c e s s i t a t e d  th e  developm ent o f  a  v a r i e t y  o f 
a l t e r n a t iv e s *  I n  lo c a t io n s  w here th e  cam era co u ld  be p o s i t io n e d  on a  s o l id  
w a ll th e  b ra c k e ts  were screw ed d i r e c t  to  i t  w ith  o rd in a ry  sc re w s. I n  many 
s c h o o ls  th e  most s u i t a b le  w a ll c o n s is te d  o f  p la s t e r b o a r d  w hich r e q u ir e d  c a v i ty  
f i x i n g  b o l t s  o r  s p r in g  to g g le s*  I n  some s c h o o ls ,  how ever, s q u a re - s e c t io n e d  
s t e e l  p i l l a r s  happened to  be p o s i t io n e d  i n  th e  id e a l  cam era lo c a t io n  and a  
s p e c ia l  f i t t i n g  was d e v ise d  f o r  th e s e .  I t  c o n s is te d  s im p ly  o f two p l a t e s ,  one 
o f w hich was th e  m ounting b r a c k e t ,  jo in e d  by  two lo n g  b o l t s  w hich clam ped them 
round th e  p i l l a r .  T h is  had th e  tw in  ad v a n ta g e s  o f  e a se  o f  i n s t a l l a t i o n  and  no 
h o le s  to  be made good a t  th e  end o f  th e  e x p e rim e n t.
I n  one o f f i c e  b u i ld in g  m o n ito red , sc rew in g  in t o  th e  t e x tu r e d  w a lls  was f o r ­
b id d en  and th e  door su rro u n d s  w ere o f  p o l is h e d  tim ber*  I n  t h i s  ca se  th e  o n ly  
method o f f i x i n g  th e  cam eras was to  remove a  suspended  c e i l i n g  p a n e l ,  screw  a  
m ounting b ra c k e t to  th e  w a ll above i t  and  su spend  th e  cam era m ounting  on a  
le n g th  o f s t e e l  w ith  a  c ro s s -p ie c e  b ra c e d  betw een th e  to p s  o f  a d ja c e n t 
door f ra m e s .
A t h i r d  metnod was u sed  m  one scn o o i wnere no s u i t a o i e  w a il o r  p m a r  was 
a v a i la b le *  I n  t h i s  case  a  s p e c ia l  s p ig o t was made and a t ta c h e d  to  th e  cam era 
box and t h i s  was mounted i n  th e  to p  o f  a  t h e a t r i c a l  l i g h t i n g  s ta n d  
borrow ed f o r  th e  p u rp o se .
The a c c u ra te  fo c u s s in g  and a lig n m en t o f  th e  cam eras was a  l i t t l e  d i f f i c u l t  a s  
once th e  cam era was mounted i n  th e  box, i t  was im p o ss ib le  to  lo o k  th ro u g h  th e  
v ie w f in d e r .  A ttem p ts  w ere made to  u se  a  sm all m ir ro r  p la c e d  a t  a n  a n g le  b eh in d  
th e  v ie w f in d e r ,  b u t t h i s  p roved  im p r a c t i c a l .  A te c h n iq u e  was ev o lv ed  w hereby 
th e  fo c u s s in g  and ad ju s tm en t o f th e  zoom c o n tro l  was c a r r i e d  o u t w ith  th e  
cam era n e a r  to  b u t o u ts id e  th e  box . A lignm ent was th e n  a c h ie v e d  by  s ta n d in g  
w ith  o n e 's  head  i n  th e  c e n tr e  o f  th e  f i e l d  o f  view  and lo o k in g  back  a t  th e  
cam era i n  i t s  box .
I d e n t i f i c a t i o n  o f th e  f i lm  was a c h ie v e d  by ru n n in g  a  few  fram es w h ile  h o ld in g  
a  b la c k b o a rd  marked w ith  a  code number i n  th e  f i e l d  o f v iew .
Camera C o n tro ls
D uring  th e  co u rse  o f  th e  p r o je c t  a  s e r i e s  o f methods f o r  c o n t r o l l i n g  th e  
cam eras was d ev e lo p ed .
I n  th e  f i r s t  e x e r c is e ,  a s  d e s c r ib e d  e a r l i e r ,  th e  cam eras w ere sw itc h e d  on 
m anually  a t  th e  s t a r t  o f  a  m o n ito r in g  p e r io d  o f i n t e r e s t .  At th e  end o f  th e  
p e r io d ,  th e y  were s im i l a r l y  sw itc h e d  o f f .  W hile re a s o n a b ly  s a t i s f a c t o r y  f o r  
t r i a l s  a t  BRS, t h i s  was o b v io u s ly  n o t p r a c t i c a b l e  i n  s c h o o ls  and o f f i c e s  some 
d is ta n c e  away.
The f i r s t  s i t e  m o n ito red  by  means o f cam eras was a  p rim ary  sch o o l i n  H i tc h in .
I n  o rd e r  to  c o n tro l  th e  cam eras, one o f  th e  le a d s  c o n n e c tin g  th e  in te r v a lo m e te r  
to  th e  c am era 's  t r i g g e r  was b ro k en  and a  l i n k  ta k e n  ou t to  a  p a i r  o f  te rm in a ls
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j u s t  in s id e  th e  m ounting box . P ro v id ed  b o th  cam era and in te rv a lo m e te r  were 
sw itch ed  on, c lo s in g  a  sw itc h  a c ro s s  th e s e  te rm in a ls  a llo w ed  th e  system  to  
fu n c t io n .
I n v e s t ig a t io n s  a t  th e  sc h o o l showed t h a t  two p e r io d s  p e r  day needed to  be 
m o n ito red , each  o f h a l f  an  hou r d u r a t io n .  I n  t h i s  way th e  f i lm  would need to  
be changed e v e ry  two d a y s . I n  o rd e r  to  a c t i v a t e  th e  cam eras f o r  th e  r e q u ir e d  
p e r io d s ,  a  s ta n d a rd  Sangamo t im e -s w itc h  was u s e d . T h is  was co n n ec ted  to  th e  
m ains e l e c t r i c i t y  su p p ly  i n  one p a r t  o f th e  b u i ld in g  and  th e  sw itc h  a r ra n g e d  
to  o p e ra te  th r e e  d o u b le -p o le  r e l a y s .  These i n  t u r n  w ere co n n ec ted  to  th e  
te rm in a l  p a i r s  i n  each  o f  th e  s i x  cam eras by tw in -c o re  c a b le  ru n  o v er th e  ro o f  
o f  th e  s in g le - s t o r e y  b u i ld in g .
The t im e -s w itc h  u sed  was c a p a b le  o f  two p a i r s  o f  on and o f f  o p e ra t io n s  p e r  day 
and a l s o  had a  * d ay -o m it' d e v ic e  so  t h a t  th e  cam eras d id  n o t ru n  o v e r w eekends. 
I n  su b seq u en t s i t e s ,  t h r e e  o r  f o u r  p e r io d s  p e r  day were r e q u ir e d ,  and f o r  th e s e  
two tim e -s w itc h e s  w ere co n n ec ted  i n  p a r a l l e l  to  th e  r e l a y s .
T h is  system  worked v e ry  w e ll i n  th e  f i r s t  s i t e  w here c a b le  ru n s  w ere n o t o v e r -  
lo n g . However, i t  soon became e v id e n t t h a t  th e  e x t r a  r e s i s t i v e  lo a d  im posed 
on th e  cam era b a t t e r i e s  by th e  le n g th  o f w ire  s i g n i f i c a n t l y  red u ced  t h e i r  
e f f e c t i v e  l i f e .  W hereas th e  b a t t e r i e s  would e a s i l y  cope w ith  a  f o r t n i g h t ' s  
ru n  w ith o u t th e  w ir in g , w ith  i t  th e y  dropped below  th e  s a f e  l e v e l  b e fo re  th e  
m o n ito r in g  was co m p le te . U n fo r tu n a te ly ,  a s  th e  b a t t e r y  v o l ta g e  d ropped , th e  
e f f e c t  on th e  cam eras was to  s k ip  p r o g r e s s iv e ly  more s h u t t e r  o p e r a t io n s .  The 
e a r ly  s ta g e s  o f  t h i s  were th e r e f o r e  v e ry  d i f f i c u l t  to  d e te c t  and  o n ly  when th e  
le n g th  o f th e  d ev eloped  f i lm  was s i g n i f i c a n t l y  l e s s  th a n  a n t i c ip a t e d  co u ld  th e  
f a u l t  be i d e n t i f i e d .
As a  method o f  com bating t h i s  problem  a  f u r t h e r  im provement i n  th e  c o n t ro l
system  was so u g h t. The p ro ced u re  ad o p ted  c o n s is te d  o f a  r a d io  t r a n s m i t t e r  o f
th e  ty p e  u sed  to  c o n tro l  model a e ro p la n e s ,  lo c a te d  w ith  th e  tim e  s w itc h . T h is
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when co nnec ted  to  one o f  th e  r e l a y  o u tp u ts ,  r a d ia te d  a  27 MHz s ig n a l  w h ile  th e  
c lo c k  was sw itc h e d  * on*. T h is  s ig n a l  was p ic k e d  up by a  r e c e iv e r  m ounted i n  
each  cam era box . The r e c e iv e r  i n  t u r n  o p e ra te d  th e  t r i g g e r i n g  sw itc h  w h ile  
i t  was e n e rg is e d .  A sm a ll le n g th  o f  w ire  a c te d  a s  an  a e r i a l  i n  each  c a s e .
T h is  method o b v ia te d  th e  need  f o r  lo n g  c a b le  ru n s  and became r e a l l y  n e c e s s a ry  
i n  o f f i c e  b u i ld in g s  w here h a rd -w ir in g  would have p roved  d i f f i c u l t .  The m ajor 
d isa d v a n ta g e  was t h a t  two more ty p e s  o f b a t t e r y  were needed  -  one i n  th e  
t r a n s m i t t e r  and one i n  each  r e c e iv e r .  The fo rm er p re s e n te d  no prob lem s a s  
i t  was o n ly  c a l le d  upon w h ile  th e  t r a n s m i t t e r  was sw itch ed  on . The r e c e iv e r s ,  
how ever, had to  be sw itch ed  on c o n tin u o u s ly  re a d y  to  r e c e iv e  th e  * on* s ig n a l .  
I n  t h i s  s t a t e  a  s te a d y  c u r re n t  t r a i n  o f  3 mA was o b se rv ed , and w h ile  e n e rg is e d  
a  f u r t h e r  12 mA was r e q u ir e d .  A lthough  d es ig n ed  o r i g i n a l l y  f o r  u se  w ith  PP3 
9 v o l t  b a t t e r i e s ,  e x p e rie n c e  i n  th e  f i e l d  and i n  su b seq u en t l a b o r a to r y  t e s t s  
showed t h a t  th e  l a r g e r  PP7 b a t t e r i e s  w ere r e q u i r e d .
The la r g e  number o f b a t t e r i e s  in v o lv e d  i n  th e  system  n e c e s s i t a t e d  a  r e g u la r  
r o u t in e  o f  re p la c e m e n t. I n  most b u i ld in g s  one s e t  o f  cloakroom s was m o n ito red  
f o r  s ix  w orking  d ay s , chang ing  f i lm s  e v e ry  o th e r  day . At th e  end o f  t h i s  
p e r io d  th e  cam eras w ere o f te n  moved to  new lo c a t io n s  i n  th e  b u i ld in g  and a t  
t h i s  tim e  a l l  th e  b a t t e r i e s  were r e p la c e d ,  i r r e s p e c t i v e  o f  how much l i f e  any  
one b a t t e r y  had l e f t  i n  i t .  I n  t h i s  way th e  amount o f  d a ta  l o s t  th ro u g h  
b a t t e r y  f a i l u r e  was k e p t to  a  minimum.
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2.3 Data collection  in  o ffices
i
The f i r s t  s ta g e  o f th e  e x e rc is e  in v o lv e d  th e  developm ent o f  m ethods o f  m easuring  
o c c u p a tio n  tim e s  o f th e  d i f f e r e n t  a p p l ia n c e s .  The WC c u b ic le  p roved  th e  e a s i e s t  j 
to  cope w ith .  A m ag n e tic  re e d  sw itc h  was m ounted in  th e  doo r fram e above th e  j 
c u b ic le  door and was c lo se d  by a  magnet i n  th e  to p  o f  th e  doo r when th e  door 
was s h u t .  By s t i c k in g  sm all wedges o f foam ru b b e r  i n  th e  h in g e  th e  door was j ■
I ?
p re v e n te d  from  s h u t t i n g  ex cep t when a  u s e r  lo c k e d  i t .  The s w itc h  was co n n ec ted  j
!
I •
t o  a  m u lti-c h a n n e l ev en t r e c o rd e r ,  so t h a t  th e  tim e  o f day and th e  le n g th  o f j
1
c lo s u re  cou ld  be re c o rd e d  a c c u r a te ly .
The u r in a l  and w ash b asin  p roved  more d i f f i c u l t ,  s in c e  th e  p re se n c e  o f  o b se rv e rs
| «
i n  sm all cloakroom s was f e l t  to  be u n d e s i r a b le .  Tap sw itc h e s  f o r  th e  w ash- I
b a s in  would have been  u n s u i ta b le  b ecau se  i t  was th e  t o t a l  occupancy o f th e  
b a s in  t h a t  was r e q u ir e d ,  o r  i t s  n o n - a v a i l a b i l i t y  to  o th e r  u s e r s ,  r a t h e r  th a n  th e  
u se  o f th e  t a p s .  The s o lu t io n  in v o lv e d  a  p l a s t i c  b u rg la r - a la rm  m at, c o n ta in in g  
two s h e e ts  o f m eta l f o i l  s e p a ra te d  by a  t h i n  p ie c e  o f foam w ith  h o le s  i n  i t .
T h is  m easured abou t 600 mm by 200 mm and when any  p a r t  o f i t  was tro d d e n  on th e  
two f o i l  s h e e ts  came in to  c o n ta c t and  com pleted  a  c i r c u i t .  By p la c in g  one o f  
th e s e  u n d e r  a  ru b b e r  mat on th e  f l o o r  in  f r o n t  o f  each  w ash b as in  and u r i n a l  
s t a l l ,  i t  was p o s s ib le  to  d e te c t  th e  p re se n c e  o f u s e r s  and m easure t h e i r  
occupancy tim e s  by means o f th e  ev en t r e c o r d e r .  F ig u re  2 .3 .1  shows a  sam ple 
t r a c e  from  th e  r e c o rd e r  and i l l u s t r a t e s  th e  problem s e n c o u n te re d  w ith  th e  m a ts . 
U n fo r tu n a te ly  th e y  were n o t u n ifo rm ly  s e n s i t i v e  and a  p e rso n  t r a n s f e r r i n g  w eigh t 
from  one f o o t  to  a n o th e r  o r  from  h e e l to  to e  cou ld  make and  b re a k  th e  c i r c u i t  
s e v e ra l  t im e s .  E x h au s tiv e  la b o ra to r y  t e s t s  showed th a t  a l th o u g h  n o t id e a l  th e  
re sp o n se  was p e r f e c t l y  ad eq u a te  and proved t h a t  m easu rin g  th e  en v e lo p e  o f  th e  
p u ls e s  gave a  s u f f i c i e n t l y  a c c u ra te  m easure f o r  th e  o c c u p a tio n  t im e .
T h is  equipm ent was u sed  i n  th e  BRS c a n te e n  b lo c k , and i n  th e  c e n t r a l  o f f i c e
b lo c k  c o n ta in in g  a d m in is t r a t iv e  s t a f f ,  ty p in g  poo l e t c .  The r e s u l t s  o b ta in e d
a re  d is c u s s e d  l a t e r .  A lthough  th e y  p ro v id e d  d e t a i l e d  in fo rm a tio n  on a l l  th r e e
o f  th e  m ain d a ta  a r e a s ,  th e  most im p o rta n t item s  w ere o c c u p a tio n  tim e s  and th e
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r a t i o s  o f demand f o r  th e  d i f f e r e n t  a p p l ia n c e  ty p e s
H aving com pleted  th e  s tu d ie s  i n  th e s e  b u i ld in g s ,  f u r t h e r  d a ta  was needed on 
t o t a l  cloakroom  demand and  to  g e t t h i s ,  s i x  o th e r  b u i ld in g s  were s tu d ie d .  I n  
f o u r  o f  th e s e ,  o u ts id e  BRS, th e  cam eras w ere mounted a d ja c e n t  to  cloakroom  
d o o rs  to  re c o rd  th e  e n te r in g  and e x i t  o f th e  u s e r s ,  w ith o u t knowing what 
happened in s id e  th e  d o o rs . I n  a  f i f t h  b u i ld in g ,  a  su rv e y  o f l i f t  u sag e  was 
b e in g  conducted  u s in g  d i r e c t  o b s e rv a t io n .  The team  a g re e d  to  make v is u a l  
o b s e rv a tio n s  o f  t o i l e t  u se  a s  w e ll and p ro v id e d  th r e e  days* d a ta .  The s ix th  
b u i ld in g  was a n o th e r  BRS b lo c k , th e  In fo rm a tio n  B u ild in g , w hich, l i k e  th e  
C e n tra l B lock , houses more ty p i c a l  o f f i c e  s t a f f  th a n  r e s e a r c h  w o rk e rs .
The f o u r  b u i ld in g s  m o n ito red  by cam era were s e le c te d  a f t e r  a  c o n s id e ra b le  
s e a r c h .  Twelve b u i ld in g s  h o u sin g  governm ent d ep a rtm en ts  w ere ap p roached , on 
th e  assu m p tio n  th a t  th e y  m ight p rove  more am enable to  governm ent r e s e a r c h  th a n  
o th e r s .  To s t a r t  w ith ,  l o c a l  b u i ld in g s  ( i e  i n  W atford  and  S t A lbans) were 
t r i e d ,  b u t l a t e r  th e  s e a rc h  moved in to  London. C on tact was made i n i t i a l l y  v ia  
th e  a r e a  o f f i c e  o f  th e  P ro p e r ty  S e rv ic e s  Agency, th e n  th ro u g h  th e  accom m odation 
o f f i c e r  i n  th e  b u i ld in g  co n ce rn ed .
F o r one re a so n  o r  a n o th e r  o n ly  one o f  th e s e  b u i ld in g s  was s u i t a b l e  f o r  th e  
su rv e y . T h is  was a  sm a ll b u i ld in g  i n  S t A lbans h o u s in g  p a r t  o f  th e  lo c a l  
In la n d  Revenue D epartm en t. Some o f  th e  o th e rs  tu rn e d  ou t to  be to o  la r g e  f o r  
th e  number o f  cam eras a v a i l a b l e ;  i t  was c o n s id e re d  e s s e n t i a l  t h a t  a l l  c lo ak ­
rooms f o r  one sex  sh o u ld  be m on ito red  s im u lta n e o u s ly  i n  o rd e r  to  p re v e n t 
p eo p le  a v o id in g  one th a t  was u n d er o b s e rv a t io n .  The o ccu p a n ts  o f  one b u i ld in g  
were u n w il l in g  to  have h o le s  d r i l l e d  i n  t h e i r  t e x tu r e d  w a ll s u r f a c e s .  I n  
o th e rs  th e  s tu d y  i t s e l f  p roved  u n a c c e p ta b le .
A t te n t io n  was th e n  tu rn e d  to  th e  b u i ld in g s  o f v a r io u s  lo c a l  b u s in e s s e s .  Nine 
o f  th e s e  i n  th e  W atford  a r e a  were app roached  and  o f  th e s e  th r e e  w ere e v e n tu a l ly  
s tu d ie d .
30
B ecause o f th e  problem s o f ‘ in v a s io n  o f  p rivacy*  w hich a  su rv e y  o f t h i s  n a tu re  
in e v i t a b l y  b ro u g h t w ith  i t ,  th e  s u b je c t  had to  be b ro ach ed  c a r e f u l ly .  H aving 
o b ta in e d  a n  in te rv ie w  w ith  th e  accom m odation o f f i c e r  o r  h i s  e q u iv a le n t  th e  
f i r s t  t a s k  was to  conv ince  him f i r s t  o f  th e  need  f o r  th e  r e s e a r c h  and se c o n d ly  
o f th e  v a l i d i t y  and p r a c t i c a b i l i t y  o f th e  m ethod. The i n i t i a l  r e a c t io n  to  th e  
u se  o f cam eras was o f te n  a d v e rse  and i n  some c a se s  im p la c a b ly  s o .  I t  was o f te n  
n e c e s s a ry  a t  t h i s  s ta g e  t o  t a l k  to  a  r e p r e s e n ta t iv e  o f  th e  s t a f f  a s  w e ll a s  to  
m anagement. I n  a l l  c a se s  a  c i r c u l a r  o f th e  form  rep ro d u ced  i n  A ppendix A was 
c i r c u la t e d  to  a  g r e a t e r  o r  l e s s e r  e x te n t  around  th e  b u i ld in g  and o n ly  i f  th e r e  
w ere no r e a l  o b je c t io n s ,  cou ld  th e  e x e r c is e  p ro c e e d . I n  one b u i ld in g  th e  
management i n s i s t e d  on a  p i l o t  f i lm  b e in g  sh o t so t h a t  th e y  co u ld  s a t i s f y  them­
s e lv e s  and th e  u n io n  r e p r e s e n ta t iv e s  t h a t  o n ly  f e e t  and a n k le s  o f  u s e r s  co u ld  
be se e n  by th e  cam era and t h a t  no i d e n t i f i c a t i o n  was th e r e f o r e  p o s s ib le .
I n  th e  o th e r  two b u i ld in g s ,  o b s e rv a tio n s  w ere made by  o b s e rv e r s .  I n  one case  
t h i s  was u n d er th e  g u is e  o f  a  l i f t  t r a f f i c  su rv e y  (a s  m entioned  above) and  
was done w ith o u t th e  knowledge o f  th e  o c c u p a n ts . I n  th e  second , in  th e  BRS 
b u i ld in g ,  o b je c t io n s  w ere c o u n te re d  on th e  sp o t by th e  o b s e rv e r s .
The b u i ld in g s  s tu d ie d  th e r e f o r e  t o t a l l e d  8 i n  number, i n  a d d i t io n  to  th e  men*s 
cloakroom  u sed  f o r  th e  p i l o t  cam era s tu d y , and w i l l  be d e s c r ib e d  b r i e f l y  below .
(a )  BRS C anteen
T h is  was th e  f i r s t  b u i ld in g  to  be m on ito red  and was i n  many ways a  p i l o t  s tu d y .  
B ecause th e  b u i ld in g  was u sed  a t  c e r t a i n  tim e s  o f th e  day o n ly , d a ta  on demand 
would n o t have been  a p p l ic a b le .  I t  was hoped however t h a t  c o n s id e ra b le  
o c c u p a tio n  tim e d a ta  f o r  a t  l e a s t  men’ s u r i n a l s  cou ld  be g a in e d , a s  th e s e  w ere 
q u i t e  e x te n s iv e ly  u sed  around  lu n c h tim e .
The accom m odation c o n s is te d  o f th r e e  u r i n a l s ,  two VJCs and f o u r  w ash b as in s  i n  th e  
men’ s cloakroom ; and th r e e  WCs and fo u r  b a s in s  i n  th e  womens. Mat sw itc h e s
w ere i n s t a l l e d  a t  each  o f  th e  u r i n a l s  and door sw itc h e s  p la c e d  i n  each  WC 
cub i c l e •
The w ire s  were ru n  th ro u g h  h o le s  a lo n g s id e  h e a t in g  p ip e s  in to  a  c l e a n e r s 1 
s to r e  n e x t to  th e  women’ s  cloakroom , w here th e y  were te rm in a te d  a t  a  4~channel 
R u s tra k  ev en t r e c o r d e r .  Power f o r  th e  r e la y s  and sw itc h e s  was s u p p lie d  by 
s i x  4 i  v o l t  b a t t e r i e s .  The u n i t  was sw itc h e d  on d a i ly  j u s t  b e fo re  12.00 and 
o f f  a g a in  a t  abou t 1 3 .3 0 . The u r i n a l s  w ere m o n ito red  f i r s t  and  p ro v id e d  a  
c o n s id e ra b le  amount o f d a ta .  WCs i n  b o th  cloakroom s w ere v e ry  r a r e l y  u se d , 
b u t some d a ta  from  th e  men’ s  b a s in s  was a l s o  o b ta in e d .
(b ) BRS C e n tra l O ff ic e  B lock
T h is  b lo c k  c o n s is te d  o f  fo u r  f l o o r s  each  h av in g  a  s in g le  cloakroom  f o r  one 
se x , lo c a te d  one above th e  o th e r .  F a c i l i t i e s  f o r  women were on th e  g round and 
second f l o o r s ,  f o r  men on th e  f i r s t  and t h i r d .  The women’ s cloakroom  con­
ta in e d  two WCs, and two b a s in s ,  a r ra n g e d  a s  shown i n  F ig  2 .3 .2  w h ile  th e  men 
had two WCs, two u r i n a l s  and two b a s in s  a s  i n  F ig  2 .3 .3 .
By t h i s  tim e  an  8 -ch an n e l ev en t r e c o r d e r  had been  a c q u ire d  and to  s t a r t  w ith  
each  WC door was f i t t e d  w ith  a  sw itc h , w ired  o u t th ro u g h  th e  window and down 
to  th e  o f f i c e  a d ja c e n t to  th e  ground f l o o r  c loakroom . W ith th e  lo n g  c a b le  ru n s  
in v o lv e d  to  th e  to p  f l o o r ,  th e  g enerous b a t t e r y  p ro v is io n  o f 27 v o l t s  a s  
a g a in s t  th e  r e c o r d e r 's  re q u ire m en t f o r  24 v o l t s  was e s s e n t i a l .
The r e c o rd e r  was s e t  to  ru n  a t  -J- i n  p e r  m inu te  and a t  t h i s  r a t e  one c h a r t  r o l l  
l a s t e d  abou t th r e e  d a y s . I t  was o p e ra te d  s im p ly  by manual s w i tc h in g  f i r s t  
th in g  i n  th e  m orning and l a s t  th in g  i n  th e  e v e n in g .
H aving m on ito red  a l l  8 WCs f o r  s ix  w ork ing  d ay s , f l o o r  sw itc h e s  w ere i n s t a l l e d  
i n  th e  women’ s cloakroom s i n  f r o n t  o f  each  w ash b asin  and th e s e  w ere m o n ito red  
f o r  a  t o t a l  o f e ig h t  d a y s . M eanw hile, a s  u sag e  o f  th e  men’ s WCs was l im i t e d
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la d ie s -w e re  d e l ib e r a t e ly  s ta n d in g  o f f  t ,fc&=mats and s t r e t c h in g  a c ro s s  t o  th e  
b a s in s .  To p re v e n t t h i s  a  n o t i c e  had to  be p ro v id e d  i n  each  cloakroom  
e x p la in in g  th e  pu rpose  o f  th e  m at; t h i s  had th e  d e s i r e d  e f f e c t .
The in p u ts  to  th e  r e c o rd e r  w ere th e n  a l t e r e d  i n  o rd e r  to  s tu d y  th e  women*s 
cloakroom  on th e  second f l o o r  i n  i t s  e n t i r e t y  ( to g e th e r  w ith  a l l  th e  men’ s WCs). 
T h is  p ro v id e d  c o n s id e ra b le  in fo rm a tio n  on th e  demand r a t e s  f o r  th e  two ty p e s  
o f  a p p l ia n c e s .  I t  was a l s o  p o s s ib le  to  deduce i n  many in s ta n c e s  w hich t o i l e t  
u s e r s  s u b se q u e n tly  washed t h e i r  h a n d s .
The s i t u a t i o n  was th e n  r e v e rs e d  an d , h av in g  p la c e d  f l o o r  sw itc h e s  i n  f r o n t  o f  
th e  u r i n a l s  on th e  f i r s t  f l o o r ,  a l l  th e  men’ s a p p l ia n c e s  i n  t h a t  cloakroom  
w ere m o n ito red .
The p o p u la t io n  o f each  f l o o r  was o b ta in e d  and e n q u ir ie s  made a s  to  w hich f l o o r  
a  woman on th e  f i r s t  f l o o r  went t o ,  f o r  exam ple. I n  t h i s  way th e  p o p u la tio n  
se rv e d  by each  cloakroom  was e s ta b l i s h e d ,  though  t h i s  o b v io u s ly  to o k  no acco u n t 
o f  any  v i s i t o r s .
(c )  O akley House
T h is  b u i ld in g  housed p a r t  o f th e  S t A lbans o f f i c e  o f  th e  In la n d  Revenue and 
c o n ta in e d  o n ly  8 male and  25 fem ale  s t a f f .  The two cloakroom s were lo c a te d  
to g e th e r  a t  th e  end o f  a  c o r r id o r  w hich le d  nowhere e l s e .  A s in g le  cam era was 
i n s t a l l e d  lo o k in g  down t h i s  co rrid o w , c o n t r o l le d  by a  t im e sw itc h  i n  an  a d ja c e n t  
s to re ro o m . The r a d io  s w itc h in g  system  had j u s t  been  d e v ise d  and i t  was i n  t h i s  
o f f i c e  t h a t  th e  r e s t r i c t i o n s  on b a t t e r y  l i f e  became a p p a re n t .
The camera o p e ra te d  d u rin g  th r e e  p e r io d s  each  day , c o v e r in g  th e  m orning c o f fe e  
b re a k  and th e  b eg in n in g  and end o f th e  lu n c h  p e r io d .  These tim e s  were 
e s ta b l i s h e d  a s  c o n ta in in g  most t o i l e t  u sag e  by  a s k in g  s t a f f  f o r  t h e i r  comments
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and  by m aking s u r r e p t i t i o u s  o b s e rv a tio n s  d u r in g  th e  i n s t a l l a t i o n  o f th e  
eq u ip m en t. Only th e  p e r io d  o f  peak  u se  i s  im p o rta n t i n  d e te rm in in g  
s a t i s f a c t o r y  l e v e l s  o f  p r o v is io n  — i f  th e  cloakroom  copes w ith  t h i s  i t  w i l l  
o b v io u s ly  be more th a n  s a t i s f a c t o r y  a t  o th e r  t im e s .  S ix  days* d a ta  w ere 
o b ta in e d  -  a  f u r t h e r  two h av in g  been  l o s t  by b a t t e r y  f a i l u r e .
(d ) B lack w e ll House
T h is  W atford  b u i ld in g  was th e  home o f  th e  Colne V a lle y  W ater Company and 
c o n s is te d  o f two l in k e d  p a r t s .  An o ld e r ,  tw o -s to re y  b u i ld in g  had  a  new f o u r -  
s to r e y  b lo c k  added a t  one end . The accom m odation c o n s is te d  o f  one cloakroom  
f o r  each  se x  f o r  each  f l o o r  o f th e  o ld  s e c t io n ,  p lu s  a  s im i la r  p a i r  on th e  
ground , f i r s t  and t h i r d  i n  th e  new b lo c k .  The f o u r th  f l o o r  c o n ta in e d  th e  
s t a f f  r e s t a u r a n t  and i t s  a s s o c ia te d  cloakroom .
I t  was i n  t h i s  b u i ld in g  th a t  th e  e x te n s io n  m ounting b ra c k e t d e s c r ib e d  in  
C hap ter 2 .2  had to  be u sed  i n  th e  o ld  p a r t .  I n  th e  new b u i ld in g  th e  cam eras 
w ere mounted on th e  tim b e r  fram e o f a  window ru n n in g  round  th e  to p  o f th e  
c o r r id o r  (se e  P ig  2 .3 .4 )*  T h is  was a l s o  th e  b u i ld in g  w here a  t e s t  f i lm  had 
to  be made b e fo re  a p p ro v a l was g iv e n .
The cam eras w ere c o n t ro l le d  by th e  r a d io  sw itc h  sy stem , w ith  th e  tim e  sw itc h  
and t r a n s m i t t e r  lo c a te d  i n  a  copying  room n e a r  th e  c e n t r e  o f th e  b u i ld in g .
Two m o n ito r in g  p e r io d s  were u se d , a t  lu n c h tim e  and a t  th e  end o f  th e  w ork ing  
day . The management v e ry  k in d ly  p ro v id e d  p o p u la t io n  co u n ts  f o r  each  f l o o r  f o r  
each  day o f  th e  s tu d y , s p l i t  by s e x e s .  T h is ,  a p a r t  from  i t s  o bv ious u s e ,  
p ro v id e d  th e  in fo rm a tio n  t h a t  th e  a v e ra g e  a t te n d a n c e  o v e r one month was Q&fo 
f o r  th e  men and 85$  f o r  women. T h is  in c lu d e d  e n g in e e r in g  s t a f f  o u t on s i t e .
(e )  Sun A llia n c e  House
T h is  f o u r - s to r e y  b u i ld in g  i n  W atford  housed  Sun A ll ia n c e  s t a f f  on th e  ground 
and f i r s t  f l o o r s  and th o se  o f a  b ran ch  o f U n ile v e r  on th e  second  and  t h i r d .  
Each f l o o r  had p ro v is io n  f o r  men and  women i n  a d jo in in g  c loak room s. Prom
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i n i t i a l  c o n ta c t  u n t i l  th e  s t a r t  o f  m o n ito r in g  a  p e r io d  o f  e ig h t  months e la p s e d , 
ta k e n  up w ith  th e  o b ta in in g  o f a p p ro v a l and w a it in g  f o r  b u i ld in g  w ork.
One cam era b ra c k e t  was i n s t a l l e d  on each  f l o o r  mid-way betw een th e  cloakroom s. 
By m ounting th e  cam era one way round  a l l  th e  women’ s t o i l e t s  w ere m o n ito red  f o r  
e ig h t  d a y s . The cam eras w ere th e n  re v e r s e d  to  cover th e  men’ s cloakroom  f o r  
a  f u r t h e r  e ig h t  d a y s . M o n ito rin g  tim e s  w ere 11.50 to  12.15 and 16 .40  to  17*10. 
A tten d an ce  d a ta  was a g a in  o b ta in e d  and showed a  90/° a v e ra g e  v a lu e .
( f )  H o ls t House
T h is  t h r e e - s t o r e y  b u i ld in g  was o ccu p ied  by H o ls t and Company i n  W atford  and 
th e  t o i l e t  accom m odation c o n s is te d  o f  a  women’ s cloakroom  on th e  ground and 
f i r s t  f l o o r s  and one f o r  men on th e  f i r s t  and seco n d . The company o p e ra te d  a  
F le x i t im e  scheme f o r  s t a f f  b u t a lth o u g h  lu n c h  was a t  any  tim e  betw een 12.00 
and 14*00, th e  c a n te e n  opened a t  12 .3 0 . M o n ito rin g  was th e r e f o r e  c a r r i e d  ou t 
betw een  12.00 and 13*00 o n ly  a s  th e r e  was no d e f i n i t e  ’ le a v in g  t im e ’ i n  th e  
a f te rn o o n .
( g ) Cant e rb u ry  Hous e
T h is  e le v e n - s to r e y  b lo c k  i n  Croydon housed  a  number o f  d i f f e r e n t  com panies and  
was th e  s u b je c t  o f a  l i f t  t r a f f i c  s tu d y  c a r r i e d  ou t f o r  BRS by th e  C iv il  
E n g in e e r in g  D epartm ent o f  S u rre y  U n iv e r s iry .  T here was one cloakroom  on each  
f l o o r  f o r  a l t e r n a t e  sex es  and a s  t h i s  was lo c a te d  n e a r  to  th e  l i f t s  b e in g  
m o n ito red  by o b s e rv e rs ,  i t  was an  e a sy  m a tte r  f o r  th e  o b s e rv e rs  to  r e c o rd  u sag e  
o f  th e  cloakroom s o v er th e  lu n c h tim e  p e r io d  w ith o u t th e  know ledge o f  th e  s t a f f .  
Each cloakroom  was m o n ito red  f o r  two o r  th r e e  days by c o u n tin g  th e  number o f  
p eo p le  e n te r in g  i t  d u r in g  each  f i v e  m inu te p e r io d .  The o b s e rv e rs  a l s o  re c o rd e d  
th e  f l o o r  o f  o r ig i n  f o r  each  u s e r  i n  o rd e r  to  c a l c u la t e  th e  f ig u r e  f o r  th e  
p o p u la t io n  se rv e d  by each  cloakroom .
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(h ) BRS In fo rm a tio n  B u ild in g
In  o rd e r  to  o b ta in  j u s t  a  l i t t l e  more d a ta ,  th r e e  o b s e rv e rs  m o n ito red  th e  u se  
o f th r e e  p a i r s  o f  cloakroom s s e rv in g  th e  th r e e  o f f i c e  f l o o r s  o f  th e  
In fo rm a tio n  B u ild in g . T h is  was done on two o c c a s io n s  o n ly ; from  10.35 to  
12.15 on one day  and  from  16.00  to  17*00 on a n o th e r .  The o b s e rv e rs  s im p ly  
co un ted  u s e r s  i n  each  f iv e -m in u te  p e r io d ,  u s in g  a  s im p le  re c o rd  form  
rep ro d u ced  i n  A ppendix A . P o p u la t io n  numbers were o b v io u s ly  a l s o  re c o rd e d .
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P i«  Z.5.JL WOMENS CLORKROOM B U 'L H IN C  3  1C E N T R R L  O F F IC E S )
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2 ,4  R e s u lts  from  o f f i c e s
( a )  E ven t r e c o rd e r s
The f i r s t  d a ta  to  be h an d led  was t h a t  o b ta in e d  from  th e  e v e n t r e c o rd e r s  
a t  BRS, T h is  was p ro c e s se d  by w orking  a lo n g  each  c h a r t  w ith  a  s c a le  
marked on a  p ie c e  o f  t r a c i n g  p a p e r  c o n v e r t in g  d e f l e c t i o n s  i n  th e  t r a c e  
o f  each  pen in to  tim e s  f o r  each  a p p l ia n c e .  W ith c a re  i t  was p o s s ib le  
to  m easure to  th e  n e a r e s t  seco n d . The c h a r t  was marked o f f  in  q u a r te r  
in c h  g r a d a t io n s ,  c o rre sp o n d in g  to  h a lf -m in u te  i n t e r v a l s ,  so  t h a t  by 
w orking  a lo n g  from  a  known s t a r t  tim e  i t  was p o s s ib le  to  r e c o rd  th e  
e x a c t tim e  o f  th e  s t a r t  o f  each  e v e n t .  T h is was done to  th e  n e a r e s t  
h a l f  m inute a s  no g r e a t e r  a c c u ra c y  was r e q u i r e d .  Each t r a c e  r e p r e ­
s e n te d  a  d i f f e r e n t  in d iv id u a l  a p p lia n c e  and th e  d a ta  was ta b u la te d  
i n  a  lo g  book by r e c o rd in g ,  f o r  each  ty p e  o f  a p p l ia n c e ,  th e  ch an n e l 
num ber, o c c u p a tio n  tim e and s t a r t  tim e  f o r  each  e v e n t .  As d e s c r ib e d  
e a r l i e r ,  some o f  th e  t r a c e s ,  e s p e c i a l l y  f o r  u r in a l s  and b a s in s ,  w ere 
d i f f i c u l t  to  m easure a c c u r a te ly .  I n  th e s e  in s ta n c e s  th e  e v e n t tim e 
was re c o rd e d  where a  d i s t i n c t  ev en t was o b v io u s , b u t th e  o c c u p a tio n  
tim e  was m issed  o u t .  Only a  v e ry  few  o c c u rre n c e s  s u f f e r e d  i n  t h i s  
way.
I n  th e  second s ta g e  o f  th e  s tu d y ,  where a l l  a p p l ia n c e s  i n  one c lo a k ­
room were m o n ito red , i t  was p o s s ib le  to  m atch th e  end o f  a  t o i l e t  
occupancy to  th e  s t a r t  o f  a  b a s in  u s e .  These were marked i n  th e  
d a ta  lo g  a c c o rd in g ly .
The most u s e fu l  in fo rm a tio n  g a in e d  from  t h i s  p ro ced u re  was a  l a r g e  
number o f v a lu e s  f o r  o c c u p a tio n  tim es  o f  th e  d i f f e r e n t  a p p l ia n c e s .
The d a ta  was t r e a t e d  by com bining a l l  th e  v a lu e s  from  one b u i ld in g  
f o r  each  a p p lia n c e  ty p e  and fo rm in g  a  h is to g ra m  f o r  eac h . These
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a r e  shown in  F ig u re s  2.4*1 a n d 2 .4 * 2 . I t  w i l l  "be n o te d  th a t  a l l  
e x h ib i t  th e  same b a s ic  shape b e in g  more o r  l e s s  skewed w ith  a  
lo n g e r  t a i l  a t  h ig h  v a lu e s  o f  o c c u p a tio n  t im e s . The cu rv e  f o r  
men, s  u r i n a l s  ap p ro ach es  m ost n e a r ly  to  a  Normal d i s t r i b u t i o n ,  
b u t t e s t s  w ith  a  cu m u la tiv e  p r o b a b i l i t y  c h a r t  showed i t  was 
d e f i n i t e l y  n o t i n  f a c t  N orm al.
Two d i f f e r e n t  s e t s  o f  d a ta  w ere o b ta in e d  f o r  th e  men*s u r i n a l s ,  
o r ig i n a t i n g  from  d i f f e r e n t  b u i ld in g s .  B efo re  com bining  th e s e  
to  g iv e  th e  f i n a l  d i s t r i b u t i o n  shown i n  F ig u re  2 .4 * 2 , a  C h i-sq u a re d  
t e s t  was perfo rm ed  on th e  p a i r  o f  h is to g ra m s  i n  o rd e r  to  check t h a t  
th e y  were n o t s i g n i f i c a n t l y  d i f f e r e n t .  The v a r ia b le  x 2 i s  d e f in e d  
ass
d i s t r i b u t i o n s ,  f o r  each  o f  th e  K c e l l s .  I n  t h i s  case  th e  d i s t r i ­
b u t io n  from  th e  c e n t r a l  b lo c k  was ta k e n  to  be th e  •c o r r e c t * d i s ­
t r i b u t i o n ,  w ith  th e  ex p ec ted  f r e q u e n c ie s ,  w h ile  th e  d i s t r i b u t i o n  
from  th e  c a n te e n  was re g a rd e d  a s  t h a t  u n d er t e s t .  S t a t i s t i c a l -,
p r o b a b i l i t y  f o r  a  g iv e n  number o f  d e g re e s  o f  freedom  ( i n  t h i s  ca se  
K - l ) f i f  th e  two d i s t r i b u t i o n s  a r e  v a l i d  sam ples from  th e  same 
p o p u la t io n .  I n  t h i s  case  th e  com bining  o f  th e  two s e t s  o f  d a t a  
was shown to  be j u s t i f i e d .
The o th e r  in fo rm a tio n  o b ta in e d  was th e  mean v a lu e  o f  th e  o c c u p a tio n  
tim e  f o r  each  a p p l ia n c e .  These a r e  shown i n  T able 2.4*1* T ab le  
2 .4*2  compares th e s e  v a lu e s  w ith  th o s e  r e p o r te d  from  A m erican
2
where and N^ a re  th e  f re q u e n c ie s  o f  th e  e x p ec ted  and a c tu a l
t a b le s  q u o te  v a lu e s  o f  X2 which w i l l  be exceeded  w ith  a  g iv e n
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u n i v e r s i t i e s  (6 )  and Jap an ese  o f f i c e s  ( 8 ) .  The on ly  m ajor d i f f e r e n c e  
i s  t h a t  Jap an ese  women seem to  spend f a r  lo n g e r  at b a s i n s ,  Tout w ith ­
ou t d e t a i l e d  knowledge o f th e  c irc u m sta n c e s  th e  re a so n  i s  h a rd  to  
f i n d .
I n  th e  BRS women*s cloakroom  a  m ir ro r  was mounted on th e  w a ll above 
a  t a b le  n ex t to  th e  wash b a s in s .  T his a rrangem ent i s  to  be p r e f e r r e d  
to  th a t  i n  which th e  m ir ro r  i s  p la c e d  im m ed ia te ly  o v e r th e  b a s in ,  as 
t h i s  in c re a s e s  th e  le n g th  o f  tim e f o r  which th e  b a s in  i s  o c c u p ie d .
The o cc u p a tio n  tim e r e s u l t s  o b ta in e d ,  th e r e f o r e ,  do n o t in c lu d e  any 
tim e sp e n t on m ake-up, e t c .  T h is  may be one a re a  in  w hich th e
Jap an ese  s tu d ie s  d i f f e r .
The second c a te g o ry  o f  d a ta  o b ta in e d  by t h i s  means was th e  r e l a t i v e  
demand on th e  d i f f e r e n t  a p p l ia n c e s .  T his was c a lc u la te d  s im p ly  by 
t o t a l l i n g  th e  number o f u se s  o f  WCs, u r i n a l s  and b a s in s .  U sers  o f 
b a s in s  were s u b -d iv id e d  in to  th o s e  u s in g  a  b a s in  o n ly  and th o se  u s in g  
one a f t e r  a  WC o r  u r i n a l .  The r e s u l t s ,  e x p re sse d  as p e rc e n ta g e s  o f 
a l l  u s e rs  o f cloakroom s d u r in g  th e  su rv e y , a re  s e t  ou t in  T ab le  2 .4 .3 •
The r e la t io n s h ip  betw een demand f o r  WCs and u r in a l s  in  th e  menf s 
cloakroom  i s  much as ex p ec ted  as  i s  th e  p ro p o r t io n  u s in g  o n ly  th e  
b a s in .  However, th e  number o f  women u s in g  th e  b a s in  a f t e r  th e  WC i s  
p e rh ap s  r a th e r  low er th a n  e x p e c te d . N o n e th e le s s , i t  was th e  i n t e n t i o n  
from  th e  s t a r t  o f th e  p r o je c t  to  d e s ig n  on th e  assum ption  t h a t  a l l  
t o i l e t  u s e r s  wash t h e i r  h an d s , so t h i s  f ig u r e  i s  o f o n ly  academ ic 
i n t e r e s t .
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The -th ird  c a te g o ry  o f  in fo rm a tio n  co n ce rn s  th e  sp re a d  o f  demand 
f o r  th e  a p p l ia n c e s  th ro u g h o u t th e  d ay . T h is  was o b ta in e d  by 
r e c o rd in g  th e  number o f  a r r i v a l s  a t  th e  cloakroom , and th e  u se s  
o f  each  a p p l ia n c e ,  f o r  each  15 m inu te p e r io d  on each  o f  th e  
m on ito red  d a y s . An example o f  t h i s  t r e a tm e n t i s  shown i n  t a b u la r  
form  i n  F ig u re  2 .4 .3 *  The t o t a l  number o f  u se s  f o r  each  p e r io d  
o v er a l l  th e  days i s  shown g r a p h ic a l ly  i n  F ig u re  2 .4 * 4  f o r  a  
d i f f e r e n t  exam ple.
From th e s e  F ig u re s  i t  i s  c l e a r  t h a t  th e r e  a re  i n  g e n e ra l  two
*
d i s t i n c t  p e r io d s  o f  h e a v ie r  u se  f o r  each  ty p e  o f  a p p lia n d e  and 
;V<for3lV**cloakroom  a s  a -w h o le . The . only.- e x c e p tio n  i s  th e  demand 
f o r  men*s WCs, w hich i s  c o n c e n tra te d  m a in ly  i n  th e  m orn ing . F o r 
women th e  bands o f  h e a v ie r  u se  were i d e n t i f i e d  a s  10 .45  to  12 .45  
and 16 .15  to  1 7 .1 5 , c o rre sp o n d in g  to  th e  p e r io d  im m ed ia te ly  b e fo re  
lu n ch  and th e  end o f  th e  d ay . F o r men th e  u r i n a l  u se  showed a
maximum band a t  10 . 15 to  12 .15  and a n o th e r  a t  15*45 to  16.15*
The s l i g h t  d isp la cem e n t o f  th e  men’ s bands from  th o s e  o f  th e  women 
was caused  by a l t e r a t i o n s  in  th e  w ork ing  h o u rs  d u r in g  th e  power c r i s i s  
o f  1973/ 4 , w hich o c c u rre d  i n  th e  m idd le o f  th e  m o n ito r in g  e x e r c i s e .  
The peak  demand band f o r  men’ s WCs o c c u rre d  d u r in g  th e  f i r s t  h o u r
o f  th e  day , b u t was l e s s  w e ll d e f in e d  th a n  i n  th e  o th e r  c a s e s ,  p a r t l y
because  t o t a l  usage was lo w er.
F o r d e s ig n  p u rp o se s , i t  i s  th e  demand d u r in g  th e  h e a v ie r  p e r io d s  
o f u se  w hich m ust be s a t i s f i e d ;  a t t e n t i o n  was th e r e f o r e  c o n c e n tra te d  
on th e s e  p e r io d s .  Table 2 .4 * 4  shows th e  mean number o f  u se s  o f
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each  a p p lia n c e  p e r  15 m in u te s , b o th  o v e r a l l  and d u r in g  th e  peak  
p e r io d s ,  e x p re sse d  a s  p e rc e n ta g e s  o f  th e  p o p u la t io n s  u s in g  th e  
c loak room s. The p o p u la tio n s  concerned  were 52 fem ale  and 35 m ale 
s t a f f ,  each  se rv e d  by a  s in g le  cloakroom  (s e e  C hap ter 2 .3  ( b ) ) •
D urin g  t h i s  p e r io d  o f  h ig h e r  u s e ,  th e  r e l a t i v e  demand f o r  th e  
d i f f e r e n t  a p p l ia n c e s  was s l i g h t l y  d i f f e r e n t  to  what i t  was when 
ta k in g  th e  whole o f  each  day in to  a c c o u n t. T ab le 2 .4*5  g iv e s  th e  
r e l a t i v e  f ig u r e s  d u r in g  th e se  p e r io d s  o n ly .
(b )  Cameras
The a n a ly s i s  o f  th e  f i lm s  o b ta in e d  from  th e  c in e  cam eras p roved  
to  be a  r a t h e r  te d io u s  and tim e consum ing p ro c e s s ;  n e v e r th e le s s  
th e  in fo rm a tio n  e x t r a c te d  was unam biguous and o f  s u f f i c i e n t  a c c u ra c y  
f o r  th e  p u rp o se .
The p ro ced u re  fo llo w e d , w hich was g r a d u a l ly  e s ta b l i s h e d  d u r in g  th e  
co u rse  o f  th e  p r o je c t  and which n e c e s s i t a t e d  a  c e r t a i n  amount o f  
re v ie w in g  o f  some e a r l y  f i lm s ,  was a s  f o l lo w s .  The f i lm  was lo a d e d  
on to  th e  v iew er (d e s c r ib e d  i n  C h ap te r 2 .2 )  and q u ic k ly  ru n  th ro u g h  
to  e s t a b l i s h  f i r s t l y  w hether th e  expo su re  was s u f f i c i e n t l y  good.
In  some c a s e s ,  th e  l i g h t  l e v e l  i n  th e  c o r r id o r  o u ts id e  th e  cloakroom  
was to o  low and d a ta  was l o s t .  S u n le ss  days and s t a f f  in a d v e r te n t ly  
le a v in g  th e  l i g h t  sw itch ed  o f f  were e q u a l ly  r e s p o n s ib le .
The second pu rpose  o f  th e  i n i t i a l  ru n  th ro u g h  was to  e s t a b l i s h  th e  
p o s i t i o n  o f  th e  ’b reaks*  i n  th e  f i lm .  I t  w i l l  be r e c a l l e d  t h a t  each  
f i lm  covered  e i t h e r  two o r  fo u r  s e p a ra te  m o n ito r in g  p e r io d s ,  c o n t r o l le d
by th e  tim e sw itch es*  As a  check on th e  c o r r e c t  perfo rm ance o f  each  
cam era th e  fram e number o f th e  b re a k  betw een one p e r io d  and th e
n e x t was n o te d . T his was o f te n  o b v io u s , e i t h e r  because  a  p e rso n  
i n  th e  f i e l d  o f  v iew  sud d en ly  v a n ish e d  i n  th e  fo llo w in g  fram e , o r  
v ic e  v e r s a ,  o r  because  shadows changed d i r e c t i o n  a b r u p t ly .  I t  was 
r a t h e r  more d i f f i c u l t  to  d e te c t  th e  b re a k s  i n  th e  narrow  f i e l d  o f 
v iew  employed in  o f f i c e s ,  how ever, th a n  i t  was in  sc h o o ls  where 
l a r g e r  a re a s  were c o v e re d . I n  many c a s e s ,  t h e r e f o r e ,  th e  b re a k s  
had  to  be e s t im a te d .  The fram e a t  w hich a  b re a k  was e x p e c te d  was 
e a s i l y  c a lc u la te d  by knowing th e  tim e f o r  w hich th e  cam era was 
supposed  to  ru n .  However, each  i n s t a l l a t i o n  had to  be checked to  
f in d  th e  a c tu a l  sw itc h —on t im e s , as  opposed to  th o s e  in te n d e d  when 
s e t t i n g  up th e  r a t h e r  in a c c u ra te  tim e  s w itc h e s .  F u rth e rm o re  each  
in te rv a lo m e te r  had  a  s l i g h t l y  d i f f e r e n t  t r i g g e r  f re q u e n c y , so t h a t  
th e  fram e number was r a r e l y  e x a c t ly  th e  same f o r  any two cam eras .
H aving e s ta b l i s h e d  t h a t  th e  b re a k s  o c c u rre d  a t  o r  ab o u t th e  
e x p ec ted  fram e number th e  f i lm  was rewound and scanned  more s lo w ly . 
Frame numbers a t  w hich u s e r s  e n te re d  and l e f t  th e  cloakroom  were 
re c o rd e d  in  a  logbook , to g e th e r  w ith  in fo rm a tio n  such  a s  th e  f a c t  
t h a t  more th a n  one p e rso n  a r r iv e d  a t  th e  same t im e .
H aving re c o rd e d  a r r i v a l  tim es  i n  te rm s o f  fram es (o r  seconds) e la p s e d
from a  known s t a r t  tim e , i t  was th e n  p o s s ib le  to  c o n s tr u c t  f i r s t  o f
a l l  l i s t s  o f a r r i v a l  numbers in  each  f iv e -m in u te -p e r io d ,  and th e n  
fre q u e n c y  d i s t r i b u t i o n s  f o r  th e  number o f  a r r i v a l s  p e r  f i v e  m in u te s .
I t  was a l s o  f e a s ib l e  to  c a lc u la te  o c c u p a tio n  tim es  b eca u se  i n  most
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c a se s  d e p a r tu r e s  were m atched to  a r r i v a l s .  T his was n o t u s u a l ly  
done, how ever, a s  no in fo rm a tio n  a s  to  what went on "behind th e  d o o r 
was a v a i l a b l e .
R a th e r  th a n  d e a l  w ith  each  cloakroom  in d iv id u a l ly ,  a l l  u s e s  o f ,  
f o r  exam ple, th e  men’ s cloakroom s th ro u g h o u t th e  b u i ld in g  i n  any 
g iv e n  f iv e  m inu te p e r io d  were co u n ted  to g e th e r .  T h is av o id ed  
c o m p lic a tio n s  caused  by in e x a c t  p o p u la t io n  f ig u r e s  f o r  each  f l o o r  
o r  in d iv id u a l  cloakroom . I t  was th e n  p o s s ib le  to  sa y  t h a t  o f  a  
m ale p o p u la tio n  P a  c e r t a i n  p e rc e n ta g e  p v i s i t e d  a  cloakroom  d u r in g  
th e  f i v e  m inute p e r io d  i n  q u e s t io n .
T h is  p a r t i c u l a r  in fo rm a tio n  was u sed  to  check t h a t  w ith in  th e  
m o n ito red  p e r io d s ,  no p e r io d  e x p e r ie n c e d  c o n s i s t e n t ly  h e a v ie r  demand. 
I n  a l l  c a se s  t h i s  was so and th e r e f o r e  th e  m on ito red  p e r io d s  co u ld  be 
am algam ated a s  a  peak  h o u r o f  u s e .
F o r f u r t h e r  a n a ly s i s  th e  d a ta  was r e o rg a n is e d  to  p ro v id e , f o r  each  
m o n ito red  d ay , a  fre q u e n c y  d i s t r i b u t i o n  f o r  th e  number o f  a r r i v a l s  
i n  a  f i v e  m inute p e r io d .  Exam ples o f  th e s e  from  one b u i ld in g  a r e  
shown i n  T able 2 .4 * 6 . F o r each  day th e  mean a r r i v a l  r a t e  was c a l ­
c u la te d ,  th e n  th e  ’ average* d i s t r i b u t i o n  was form ed by summing th e  
f r e q u e n c ie s  and e x p re s s in g  them a s  p e rc e n ta g e  p r o b a b i l i t i e s ,  a s  
shown.
I f  th e  u se s  o f  th e  cloakroom s a re  t r u l y  in d ep en d en t and o ccu r 
random ly i n  tim e , th e n  th e  number o f  u se s  i n  each  f i v e  m inu te  p e r io d  
sh o u ld  fo llo w  a  P o isso n  p r o b a b i l i t y  d i s t r i b u t i o n .  A cco rd ing
to  t h i s ,  th e  p r o b a b i l i t y  P (n )  th a t  n u s e r s  a r r i v e  i n  any in t e r v a l  
i s  g iv e n  by:
n t
w here in i s  th e  mean number o f  a r r i v a l s  i n  any i n t e r v a l .  H aving 
a s c e r t a in e d  th e  mean a r r i v a l  r a t e  from  th e  d a ta ,  a  P o is so n  d i s ­
t r i b u t i o n  o f th e  same mean was compared w ith  th e  d a ta  d i s t r i b u t i o n  
u s in g  th e  c h i-s q u a re d  t e s t  m entioned  e a r l i e r .  F o r each  sex  in  each 
b u i ld in g  th e  two d i s t r i b u t i o n s  were a l s o  p lo t t e d  to g e th e r  a s  shown 
i n  F ig u re  2.4»5* I t  ^e seen  th a t  th e  s i m i l a r i t y  i s  v e ry  marked 
and in d eed  th e  s t a t i s t i c a l  t e s t s  showed t h a t  in  e v e ry  c a s e , th e  
d a ta  d i s t r i b u t i o n s  were a  good f i t  to  th e  P o is so n . As a  f u r t h e r  
check P o isso n  d i s t r i b u t i o n s  w ith  means s l i g h t l y  above and below  
th a t  o f th e  d a ta  were a l s o  compared u s in g  th e  c h i-s q u a re d  t e s t .  
A gain i n  ev ery  case  th e  P o is so n  w ith  th e  same mean a s  th e  d a ta  
was found to  be th e  b e s t  f i t .  A s im i la r  e x e rc is e  was c a r r i e d  ou t 
on th e  d a ta  f o r  men’ s WCs a t  BRS f o r  th e  h o u r 8 .1 5  to
H aving e s ta b l i s h e d  th a t  cloakroom  u s e r s  a r r iv e  a s  e x p e c te d  acc o rd ­
in g  to  th e  P o isso n  d i s t r i b u t i o n ,  th e  n e x t s ta g e  was to  d e te rm in e  
th e  mean o f t h i s  f o r  each  sex  in  each b u i ld in g .  H aving s tu d ie d  
a l l  th e  d a ta  o b ta in e d  from th e  fo u r  b u i ld in g s  m o n ito red  by th e  
cam era and th e  th r e e  m on ito red  by o th e r  means, th e  r e s u l t s  were 
ta b u la te d  i n  T able 2.4*7* T h is  shows f o r  each b u i ld in g  th e  mean 
demand r a t e  d u r in g  th e  hour co v e re d , f o r  b o th  male and fem ale
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c loak room s, ex p re sse d  b o th  a b s o lu te ly  and a s  p e rc e n ta g e s  o f  th e  
p o p u la t io n  se rv e d  by a l l  th e  cloakroom s u n d er o b s e rv a t io n .
I t  can be seen  t h a t  a lth o u g h  a  wide ran g e  o f  p o p u la tio n s  was covered  
and th e  a b s o lu te  demand r a t e  v a r ie d  c o n s id e ra b ly ,  when ex p re sse d  a s  
p e rc e n ta g e s  o f  p o p u la t io n  th e  v a r i a t i o n  was rem ark ed ly  s m a ll .  In  
F ig u re  2 .4 * 6 , th e  seven  s e t s  o f  r e s u l t s  a r e  rep ro d u c e d  a s  cu m u la tiv e  
p r o b a b i l i t y  d i s t r i b u t i o n s .  I t  can  be seen  t h a t  th e  v a r i a t i o n  i s  
g r e a t e r  i n  th e  women’ s r e s u l t s  and t h a t  th e r e  i s  a  d i s t i n c t l y  h ig h e r  
p r o b a b i l i t y  o f  h ig h e r  demand r a t e s  i n  th e s e  c u rv e s .  The P o is so n  
c u rv e s  c o rre sp o n d in g  to  th e  mean ad o p ted  v a lu e s  a r e  superim posed  
on th e  d a ta  c u rv e s .
An a tte m p t was made to  c o r r e l a t e  p o p u la t io n  w ith  demand, a s  shown
i n  F ig u re  2 .4 * 7 , b u t a lth o u g h  a  vague in v e rs e  c o r r e l a t i o n  i s  j u s t
d i s c e r n ib le  f o r  th e  women’ s  r e s u l t s ,  i t  was n o t c o n s id e re d  d e f i n i t e
enough to  w a rra n t f u r t h e r  i n v e s t i g a t i o n s .  I f  such  a  c o r r e l a t i o n  does
e x i s t  i t  i s  p ro b a b ly  caused  by some e f f e c t  w hereby s t a f f  sp re a d
t h e i r  u se  o f  th e  cloakroom  in  th e  know ledge t h a t  a  la r g e  number o f
o th e r s  m ight r e q u i r e  th e  f a c i l i t i e s  i n  th e  u s u a l  peak  p e r io d s .  S ince
th e  e f f e c t  o f  b u i ld in g  s iz e  was l a r g e ly  i n s i g n i f i c a n t ,  a  s in g le  mean
v a lu e  co u ld  be ta k e n  a s  th e  av e rag e  f iv e  m inu te  demand r a t e  f o r  m ales
and fem a les  i n  o f f i c e s .  These a re  th e  ’ a d o p te d ’ v a lu e s  o f  T ab le 2 .4 * 7 ,
w hich a re  mean v a lu e s  rounded to  co n v n ie n t num bers. Thus, f o r  a  m ale
p o p u la t io n ,  3% can  be ex p ec ted  to  u se  th e  cloakroom  p e r  f i v e  m in u tes
d u r in g  th e  peak h o u r o f  u s e . T h is means t h a t  a l l  th e  cloakroom s to g e th e r
must be cap ab le  o f  h a n d lin g  3fo o f  th e  t o t a l  p o p u la t io n ;  b u t a l s o  t h a t  any
one cloakroom  must cope w ith  3% o f  t h a t  p a r t  o f  th e  p o p u la t io n  se rv e d  
by i t .
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A ppliance
Male Female
Mean
o c c u p a tio n
Time
(se c s )
Number of 
o b s e rv a tio n s
Mean
o c c u p a tio n
Time
(se c s )
Number o f 
o b s e rv a tio n s
U r in a l 39 478 - -
WC 267 394 80 511
Wash B asin 18 224 19 551
TABLE 2 .4 .1  MEAN OCCUPATION TIMES FOR OFFICES
A p p lian ce
Mean o c c u p a tio n  tim e  ( s e c s )
BRS USA Jap an
U rin a l 39 40 30
Male WC 267 200 400
W ashbasin 18 30 20
WC 80 108 90Fem ale TtW ashbasin 19 40 120
TABLE 2 .4 .2  COMPARISON- OF OCCUPATION TIMES
49
Male Fem ale
$  a r r i v a l s  u s in g  WC 15 87
$  a r r i v a l s  u s in g  u r i n a l 73 —
% a r r i v a l s  u s in g  b a s in 79 67
%o a r r i v a l s  u s in g  b a s in  o n ly 12 13
$  WC u s e r s  u s in g  b a s in 89 62
f 9 u r in a l  u s e r s  u s in g  b a s in 73
TABLE 2 .4 * 3  RELATIVE DEMAND FOR APPLIANCES 
From BRS C e n tra l  O ff ic e  B lock
P e rc e n ta g e  o f  u s e r  p o p u la t io n  i n  15 m ins
Men Women
O v e ra ll  mean 
Peak p e r io d  mean 
Mean d a i ly  maximum 
A b so lu te  maximum
U rin a l
6 .7
12
17
23
WC
1.3
2 .7
6 .6
8 .6
WB o n ly  
1 .0  
■2.4 
6 .3  
11
WC
3*9
6 . 8
15
23
WB o n ly  
0 . 6  
0 .9  
4*6 
9 .6
TABLE 2 .4*4  OFFICE DEMAND RATES
Mean and maximum demand r a t e s  p e r  15 m in u tes  
(e x p re s se d  a s  p e rc e n ta g e  o f  u s e r  p o p u la t io n )
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P e rc e n ta g e P e rc e n ta g e P e rc e n ta g e
u s in g u s in g u s in g
WC u r in a l wash b a s in
f i r s t f i r s t o n ly
Male 11 79 10
Female 87 - 13
TABLE 2 .4 .5  RELATIVE DEMAND IN PEAK PERIOD
D is t r ib u t io n  o f  a p p lia n c e  demand, a s  p e rc e n ta g e  o f  a r r i v a l s  
■during peak demand p e r io d s .
No o f 
a r r i v a l s  
p e r  5 mins
P r o b a b i l i ty
d
Run 1 Run 2 Run 3 Run 4 T o ta l
0 3 8 8 1 20 2 3 .3
1 6 7 8 5 26 30 .2
2 7 5 4 5 21 2 4 .4
3 5 1 1 3 10 ■ 11.6
4 1 1 0 5 7 8.1
5 0 0 0 1 1 1.2
6 0 0 0 1 1 1.2
TABLE 2 .4 .6  EXAMPLE OP FREQUENCY DISTRIBUTION
F re q u e n c ie s  o f  numbers o f  a r r i v a l s  p e r  5 m in u tes  f o r  
4 tw o-day  ru n s  a t  B lack w ell House (womens* c lo ak ro o m s).
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B u ild in g
Female Male (O v e ra ll ) Male (WC)
Pop Abs Pop Abs 1o Pop Abs *
O akley House 25 0 .9 3 .6 8 0 .14 1 .8
Colne V a lle y 5 6 1 .6 2 .9 72 1 .8 2 .5
Sun A llia n c e 45 2 .0 4 .4 24 1 .0 4 .0
H o ls t House 39 1 .8 4 .6 92 3 .0 3 .3
C an te rb u ry  House 136 4 .0 2 .9 262 8 .2 3.1
C e n tra l B lock 52 1 .4 2 .7 35 1 .4 4 .0 35 0 .3 0 .9
B u ild in g  17 38 1 .0 2 .6 31 0 .9 2 .9
A dopted V alue 3 .5 ■ 3 .0 - 1 . 0
TABLE 2 .4 .7  DEMAND RATES FOR OFFICES
Mean number o f  a r r i v a l s  p e r  f iv e  m inu tes  d u r in g  peak p e r io d s ,  
b o th  a b s o lu te  and as  p e rc e n ta g e  o f  p o p u la tio n
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2 . 5  Data Collection in Schools
The te rm  ‘ school*  co v ers  a  v e ry  w ide ran g e  o f  b o th  b u i ld in g s  and o c c u p a n ts .
On to p  o f  t h i s  th e  way in  w hich th o s e  o ccu p an ts  a re  o rg a n ise d  a ls o  v a r ie s  
w id e ly , b o th  w ith  age and w ith  th e  p a r t i c u l a r  ’ s ty le *  o f  th e  s t a f f  a t  any 
one t im e . The problem  o f  d e te rm in in g  a  co h eren t p i c tu r e  o f  th e  u se  o f 
s a n i t a r y  accommodation was th e r e f o r e  more fo rm id ib le  in  many ways th a n  
i t  was f o r  o f f i c e s .
The problem  was ta c k le d  in  two s ta g e s .  F i r s t ,  th e  e f f o r t  was c o n c e n tra te d  
on P rim ary  S ch o o ls , t h a t  i s  th o s e  h o u s in g  in f a n t  and ju n io r  c l a s s e s  w ith  
c h i ld r e n  up t o  about e le v e n  y e a rs  o f  ag e . Then a t t e n t i o n  was tu rn e d  to  
Secondary  S ch o o ls , c o n ta in in g  c h i ld r e n  o f  e le v e n  t o  s ix te e n  o r  e ig h te e n  
y e a r s .  However th e  d i s t i n c t i o n  betw een  P rim ary  and S econdary  Schools i s  
b lu r r e d  in  some a re a s  by  th e  in t r o d u c t io n  o f  M iddle Schoo ls f o r  c h i ld r e n  
o f e ig h t  t o  f o u r te e n .  Two o f th e s e  were a ls o  s tu d ie d .
In  o rd e r  t o  o b ta in  sch o o ls  f o r  u se  in  th e  s tu d y  w hich w ere n e i th e r  o v e r -  
o r  u n d e rp o p u la te d  r e l a t i v e  t o  th e  s iz e  o f  th e  b u i ld in g  and i n  which 
th e  head  te a c h e r  was a g re e a b le  t o  th e  form o f  s u r v e i l l a n c e  p ro p o sed , 
a p p l ic a t io n  was made in  th e  f i r s t  in s ta n c e  t o  th e  L ocal A u th o r i ty .  The 
f i r s t  sc h o o l ta c k le d  was a  P rim ary  S ch o o l,u sed  as a  p i l o t  s tu d y  t o  uncover 
th e  u n fo re se e n  p i t f a l l s .  T h is was o b ta in e d  a f t e r  a p p ro ac h in g  th e  H e r t f o r d s h i r e  
E d u c a tio n  A u th o r ity  and was s i t u a t e d  in  H i tc h in .  S u b seq u en tly  a u t h o r i t i e s  
in  H e r t f o r d s h i r e ,  B e d fo rd s h ire ,  B e rk s h ire ,  B uckingham shire and th e  London 
Boroughs o f  H ill in g d o n , B a rn e t ,  Hounslow, E n f ie ld ,  H arin g ey , Twickenham,
B ren t and In n e r  London were ap p ro ach ed . A ll b u t fo u r  o f th e s e  responded  
w ith  s u g g e s t io n s .  F i f t e e n  P rim ary  and M iddle S chools and e ig h te e n  S econdary  
Schools were c o n ta c te d  and v i s i t e d  w ith  a  view  t o  f i r s t  e s t a b l i s h in g
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w hether th e  p rem ises  w ere s u i t a b l e  f o r  th e  p roposed  method o f  o b s e rv a tio n  
and se c o n d ly  t o  p u rsu ad e  th e  head  te a c h e r  t o  s a n c t io n  th e  e x e rc is e #  Of 
th o s e  v i s i t e d  sev en  P rim ary  and M iddle S chools and s i x  Secondary S chools 
e v e n tu a l ly  p ro v id e d  d a t a .
The two ty p e s  o f  sc h o o l w ere m o n ito red  d i f f e r e n t l y  as d is c u s s e d  b r i e f l y  
in  C h ap te r 2 .1#  F o r P rim ary  Schools i t  was d ec id ed  t h a t  th e  c in e -c a m e ra  
approach  cou ld  be used  as  th e  c h i ld r e n  w ere young enough no t t o  o b je c t  
t o  t h i s  k in d  o f  in t r u s i o n  and b eca u se  v andalism  was l e s s  l i k e l y  t o  be 
a  problem# T his method was f e l t  t o  be in a p p ro p r ia te  f o r  Secondary 
S ch o o ls , however# O ld e r c h i ld r e n ,  e s p e c i a l l y  g i r l s ,  would a lm ost 
c e r t a in l y  o b je c t ,  p a r t l y  on th e  g rounds o f  p r iv a c y  and p a r t l y  b eca u se  
o f a  f e e l in g  o f  *b ig  b ro th e r*  w a tch in g  any o th e r  a c t i v i t i e s  w hich commonly 
ta k e  p la c e  in  sc h o o l t o i l e t s .  Secondly  o ld e r  c h i ld r e n  a re  much more 
l i k e l y ,  and a b le ,  t o  damage o r  even remove th e  cam eras in  s p i t e  o f  th e  
s e c u r i t y  p re c a u tio n s  d e s c r ib e d  e a r l i e r .
The o n ly  o th e r  way o f  o b ta in in g  d e t a i l e d  in fo rm a tio n  w ith in  th e  cloakroom  
would be t o  employ o b s e rv e r s .  However i t  i s  e s s e n t i a l  t h a t  th e  p a t t e r n  
o f u se  be  d is tu r b e d  as l i t t l e  as p o s s ib le  by  th e  m o n ito r in g  a g e n t ,  w h e th e r 
i t  be cam era o r  o b s e rv e r .  One way round th e  problem  and th a t  a c t u a l l y  
ad o p ted , was t o  u se  sc h o o l p u p ils  th e m se lv e s  as o b s e rv e rs ,  i n  th e  hope 
t h a t  th e y  w ould be much l e s s  consp icuous th a n  any o u ts id e  o b s e rv e r s .
A f u r t h e r  advan tage  was t h a t  t h i s  te c h n iq u e  cou ld  be s o ld  t o  th e  s c h o o l 
as a  * real*  e x e rc is e  in  s t a t i s t i c s  and as w e ll as o b ta in in g  th e  d a t a  
th e  p u p i l s  cou ld  u se  i t  t o  form h is to g ra m s  and s tu d y  v a r io u s  s t a t i s t i c a l  
d i s t r i b u t i o n s .  The d e t a i l s  o f  th e  m o n ito r in g  e x e rc is e  in  each sc h o o l 
a re  d e s c r ib e d  b r i e f l y  below  and sh o u ld  r e v e a l  th e  problem s and s o lu t io n s  
which o c c u rre d .
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a )  S t Andrews J  M I ,  H it c h in
T h is  s c h o o l was th e  f i r s t  t o  be s tu d ie d  and was s u g g e s te d  by  H e r t fo rd s h ir e  
County A r c h i te c ts  D epartm ent as a  new sc h o o l accom m odating no more th a n  
i t s  d e s ig n e d  complement# I t  was a  J u n io r  Mixed I n f a n ts  School and th e  
120 in f a n t s  and 160 ju n io r s  were housed in  d i f f e r e n t  p a r t s  o f  th e  b u i ld in g  
w ith  t h e i r  own s e p a ra te  t o i l e t  accom m odation ( s e e  F ig u re  2*5*1)•
The in f a n t s  s e c t io n  c o n ta in e d  th r e e  * se ts*  o f  tw o WC c u b ic le s  and two 
b a s in s ,  u sed  by  b o th  boys and g i r l s #  T h is arrangem ent was found t o  
be f a i r l y  common in  modern sc h o o ls  and , as h e r e ,  th e  accommodation was 
o f te n  p a r t  o f  th e  c lassroom  r a th e r  th a n  tu c k e d  away in  a  s e p a ra te  room 
o r b u ild in g #  In  t h i s  c a se , a lth o u g h  fo rm ing  a  co n tin u o u s  p a r t  o f  th e  
c la ss ro o m , th e  a r e a  in  f r o n t  o f  two o f  th e  s e t s  c o n ta in e d  co a t-h o o k s  
and shoe lo c k e rs#  The t h i r d  s e t  ( l a b e l l e d  1 in  F ig u re  2#5#1) form ed 
a  s e p a ra te  cloakroom  area#
One advan tage  o f  t h i s  arrangem ent was t h a t  by c a r e f u l  p o s i t io n in g  i t  
was a  s im p le  m a tte r  t o  m o n ito r  b o th  b a s in s  and WCs w ith  one cam era p e r  
se t#  The cam era lo c a t io n s  a re  a l s o  shown in  th e  F igu re#
T h is  b u i ld in g  was i n  f a c t  th e  f i r s t  t o  be m o n ito red  u s in g  th e  cam era 
sy stem , a p a r t  from th e  p i l o t  ru n  in  th e  BRS In fo rm a tio n  B u ild in g #  The 
cam eras were i n s t a l l e d  in  t h e i r  wooden b o x es , Mounted on a  wooden fram e 
above th e  windows and connected  by w ire s  a c ro s s  th e  ro o f  t o  th e  t im e -s w itc h  
lo c a te d  in  th e  c a re ta k e r* s  room n e a r  t h e  m ain e n tra n c e .  H aving i n s t a l l e d  
a l l  t h e  equipm ent and loaded  th e  cam eras w ith  c o lo u r  f i lm  r a t h e r  th a n  
th e  norm al lo n g e r  b la c k  and w h ite  f i lm ,  a  day was sp e n t in  th e  sch o o l
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m aking o b se rv a tio n s  on p a t te r n s  o f  u se  o f  th e  f a c i l i t i e s ,  tu r n in g  th e  
cam eras on m anually  w henever h e a v ie r  u se  o c c u rre d . I t  im m ed ia te ly  became 
obvious t h a t  th e  f r e e  and easy  d i s c i p l i n e  im posed by th e  s t a f f  e f f e c t i v e l y  
av o ided  any s i g n i f i c a n t l y  heavy p e r io d s  o f  t o i l e t  use* Whenever a  c h i ld  
f e l t  l i k e  i t  he o r  she  was a t l i b e r t y  t o  w ander o f f  v i r t u a l l y  anyw here, 
in c lu d in g  t o  th e  t o i l e t s .  H eav ie r demand d id  o ccu r f o r  th e  b a s in s  when 
a  w hole c l a s s  (one t h i r d  o f th e  in f a n t  p o p u la t io n )  f in i s h e d  a  p a in t in g  
s e s s io n  f o r  in s ta n c e .  Some, b u t no t a l l ,  o f  t h e  s t a f f  i n i t i a t e d  a  *wash 
b e fo re  lunch* r u l e ,  which o b v io u s ly  a ls o  caused  a  heavy  demand on th e  
b a s in s .
H aving e s ta b l i s h e d  th o s e  tim e s  a t  w hich th e  h e a v ie r  demand was l i k e l y  
t o  o ccu r th e  system  was s e t  up t o  ru n  w ith  norm al b la c k  and w h ite  f i lm s  
f o r  a  t o t a l  o f t e n  f u r th e r  d a y s , f i lm in g  f o r  f i f t e e n  m in u tes  a t  a  tim e  
a t  10*15, 11*30, 12 .25  and 14*15* B efo re  a llo w in g  th e  cam eras t o  ru n  
a u to m a t ic a l ly ,  how ever, th e y  w ere l e f t  in  p o s i t i o n  f o r  n e a r ly  a  week 
in  o rd e r  t o  a llo w  th e  c h i ld re n  t o  become u sed  t o  them and t o  ig n o re  
them .
The cam eras were th e n  moved t o  th e  J u n io r  s e c t io n  where th e  accom m odation 
was o f  two ty p e s .  I n  th e  la rg e  c lassro o m  u sed  by  th e  younger ju n io r s  
th e r e  were two classroom  * s e t s f , b a c k - to -b a c k . The rooms used  by th e  
o ld e r  c h i ld r e n  had no such f a c i l i t i e s ,  b u t were s i t u a t e d  n e a r  t o  th e  
s e g ra te d  boys* and g i r l s *  cloakroom s u sed  by  a l l  th e  ju n io r s  a t  b re a k tim e  
(s e e  F ig u r e ) .  Two o f  th e  cam eras w ere mounted in  th e  boys* cloakroom  
and th e  t h i r d  m on ito red  one o f  th e  two s e t s .  I n  th e  boys* cloakroom  
c a r e fu l  p o s i t io n in g  o f  th e  cam era was needed t o  cover th e  u r in a l s  w ith o u t 
a c t u a l l y  h av in g  th e  s t a l l s  in  th e  f i e l d  o f v iew  (s e e  F ig u re  2 . 5 .2 ) ,  The
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la y o u t in  t h i s  case  was p a r t i c u l a r l y  s u i t a b l e  f o r  t h i s  as i t  was v e ry  
e asy  t o  t e l l  i f  a  boy went tow ards  th e  u r i n a l s ;  once th e r e  he cou ld  no t 
be se e n .
The cam eras w ere l e f t  in  th e s e  p o s i t io n s  f o r  a  t o t a l  o f  f iv e  days and 
were th e n  moved t o  p la c e  two in  th e  g i r l s *  cloakroom  (F ig u re  2 .5 * 3 ) and 
one o u ts id e  th e  second c lassroom  s e t .  M onitoring h e re  l a s t e d  f o r  fo u r  
d a y s . F o r th e  J u n io r s  th e  o p e ra t in g  p e r io d s  w ere changed t o  ex c lude  
th e  a f te rn o o n  b re a k , w hich o n ly  th e  in f a n t s  en jo y ed .
The r e s u l t s  o b ta in e d  w i l l  be d is c u s s e d  in  th e  n ex t s e c t io n  b u t one comment 
made by  th e  Head M aster and th e  fem ale  C a re ta k e r  was t h a t  p r o v is io n  f o r  
fem ale  s t a f f  was i n s u f f i c i e n t .  I t  seemed t o  have been  d es ig n ed  on th e  
b a s is  o f  f u l l - t im e  fem ale  s t a f f ,  w ith o u t ta k in g  in to  account th e  la rg e  
number o f  p a r t - t im e r s ,  in c lu d in g  c a te r in g  s t a f f .  T h is  problem  w i l l  be 
d is c u s s e d  f u r t h e r  in  C h ap te r 6 .
b )  D undale J  M S ch o o l, T rin g
T h is  new, s in g le - s to r e y  sc h o o l in  T rin g  c a te r e d  f o r  135 boys and 125 g i r l s  
in  th e  ju n io r  age groups o n ly . I t  was ru n  a lo n g  much more t r a d i t i o n a l  
l i n e s  th a n  St Andrews and p re lim in a ry  t a l k s  w ith  th e  Head M aster and h i s  
s t a f f  le d  t o  th e  p r e d ic t io n  o f  h ig h e r  demand peaks a t  b re a k  and lu n ch  t im e s .  
These w ere in  f a c t  shown to  e x i s t .
The la y o u t i s  shown in  F ig u re  2 .5 .4 .  The w hole sc h o o l u sed  th e  s e g re g a te d  
boys* and g i r l s *  cloakroom s d u r in g  b re a k  and lu n ch  t im e s ,  b u t th e r e  w ere 
a ls o  s i x  ‘ s e t s * ,  as a t  St Andrews, around th e  b u i ld in g .
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There w ere m on ito red  in  two s t a g e s ,  s t a r t i n g  w ith  th r e e  cam eras t o  m o n ito r 
th e  cloakroom s p lu s  one f o r  one o f  th e  ’ s e t s * .  The cam eras were th e n  moved 
t o  co v er th e  rem a in in g  s e t s .  The i n s t a l l a t i o n  p ro ced u re  ad o p ted  was t o  
mount a l l  n in e  b ra c k e ts  a t  one t im e , d u r in g  a  h o l id a y  p e r io d  when th e  work 
cou ld  be done d u r in g  th e  d ay . The f i r s t  fo u r  boxes w ere f ix e d ,  and a l l  
t h e  w ir in g  was ru n  over th e  ro o f  a t  th e  same t im e , le a v in g  o n ly  th e  cam eras 
t o  be i n s t a l l e d  a f t e r  sc h o o l a t  th e  b e g in n in g  o f  te rm .
I t  was in  t h i s  sch o o l t h a t  th e  p roblem s o f  f ix i n g  h eav y , c a n t i le v e r e d  boxes 
t o  p la s te r b o a r d  were f i r s t  en co u n te red  ( s e e  C h ap te r 2 . 2 ) .  S p r in g - to g g le s  
w ere u sed  f o r  some f ix in g s  b u t th e  s p e c ia l  clamps f o r  th e  sq u a re  m e ta l 
columns were v e ry  u s e f u l .  In  o rd e r  t o  red u ce  th e  number o f  lo n g  c a b le  
ru n s ,  two cam eras in  c lo se  p ro x im ity  (su ch  as  1 and 2 , and 7 and 8 in  
F ig u re  2 .5 * 4 ) were ru n  from a  s in g le  In te rv a lo m e te r .
A t o t a l  o f  tw en ty  days m o n ito r in g  was c a r r i e d  o u t ,  tho u g h  some was l o s t  
b ecau se  o f  b a t t e r y  f a i l u r e  and th e  u n in te n t io n a l  s w i tc h in g - o f f  o f  th e  
tim e  sw itc h e s  by a  member o f  s t a f f .
c )  M ill  Mead J  M I ,  H e r tfo rd
T his was a  s m a lle r  sc h o o l th a n  D undale, b u t c o n ta in e d  an  in f a n t  s e c t io n  
o f  70 c h i ld r e n  housed in  a  m o d ern ised , o ld  , v i l l a g e  school*  b u i ld in g .
The ju n io r s  (65  boys and 65 g i r l s )  occu p ied  th r e e  la rg e  c la ss ro o m s in  
a  new e x te n s io n . The in f a n t s  had  t h e i r  own t o i l e t s ,  one a t  e i t h e r  end 
o f  t h e i r  b u i ld in g ,  w h ile  a  boys* and a  g i r l s *  cloakroom  p lu s  tw o * se ts*  
accommodated th e  ju n io r s  (s e e  F ig u re  2«5*5)« As D undale th e  more 
t r a d i t i o n a l  m ethods o f  d i s c i p l i n e  w ith  r e g a rd  t o  th e  u se  o f  t Q i l e t s  
seemed t o  p r e v a i l .
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W ith o n ly  s i x  cam eras re q u ire d  t o  cover a l l  th e  s i t e s  th e  m o n ito r in g  was 
c a r r i e d  out in  one g o . However, as  o n ly  th e  in f a n t s  had an a f te rn o o n  
b re a k  th e  two tim e -s w itc h e s  w ere re w ire d  so  t h a t  th e y  c o n t ro l le d  d i f f e r e n t  
groups o f  cam eras in d e p e n d e n tly . As a t  th e  o th e r  two sc h o o ls  th e  m orning 
b re a k  and th e  s t a r t  o f  th e  lunch  b re a k  w ere m o n ito red  as c o n ta in in g  th e  
h ig h e s t  demand.
T his p a r t i c u l a r  i n s t a l l a t i o n  was r a t h e r  p ro n e  t o  m is fo r tu n e .  I t  was h e re  
t h a t  th e  lo n g  c a b le  ru n s  caused  th e  p rem a tu re  f a i l u r e  o f  th e  In te rv a lo m e te r  
b a t t e r y  m entioned  in  C haper 2 .2 .  T h is was no t r e a d i ly  d e te c ta b le  u n t i l  
a f t e r  th e  f ilm s  were p ro c e sse d  and so a  c e r t a i n  amount o f  d a ta  was l o s t .
O th e r in c id e n ts  such  as th e  m y s te rio u s  d is c o n n e c tio n  o f  one o f  th e  w ire s  
and one o r  two ca ses  o f  human e r r o r  f u r t h e r  reduced  th e  e f f e c t iv e n e s s  o f  
t h i s  su rv e y .
A f u r t h e r  p o in t which rem ained  u n d isc o v e re d  u n t i l  th e  end o f th e  s tu d y  
was t h a t  th e  C a re ta k e r  convinced  th e  c h i ld r e n  th a t  he had i n s t a l l e d  th e  
cam eras in  o rd e r  t o  see  who sp e n t to o  lo n g  in  th e  cloakroom s. This 
o b v io u s ly  had seme e f f e c t  on th e  u sa g e , b u t may o n ly  have f i l t e r e d  
out th o s e  c h i ld r e n  who use  th e  cloakroom s f o r  p u rp o ses  o th e r  th a n  th o s e  
in te n d e d .
F o llo w in g  th e  d is c o v e ry  o f  th e  b a t t e r y  problem  a  s e r io u s  o f  t e s t s  were 
c a r r ie d  out in  th e  L ab o ra to ry  and showed t h a t  w ith  c a b le  ru n s  o f th e  
le n g th  u sed  h e re  th e  In te rv a lo m e te r  b a t t e r i e s  f a i l e d  when ru n  f o r  l e s s  
th a n  f iv e  h o u rs , w h ile  th e  cam era b a t t e r i e s  l a s t e d  a  few h o u rs  longer.
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I t  was th e r e f o r e  d ec id ed  t h a t  th e  r a d io  c o n t ro l le d  system  d e s c r ib e d  in  
C h ap te r 2 .2  sh o u ld  be i n v e s t ig a t e d .
d ) H ig h f ie ld  P rim ary  S choo l, H ill in g d o n
A f te r  th e  f i r s t  t h r e e  p rim ary  sc h o o ls  had been  s tu d ie d  in  t h i s  way, a t t e n t i o n  
was tu rn e d  to  o f f i c e s  and t o  seco n d ary  s c h o o ls  w h ile  th e  r e s u l t s  were s tu d ie d  
and used  as in p u t t o  th e  s im u la tio n  m odel. I t  soon  became a p p a re n t how ever, 
t h a t  in  view  o f  th e  wide ran g e  o f  r o u t i n e s ,  f u r t h e r  d a t a  from p rim a ry  sc h o o ls  
would have t o  be o b ta in e d  e s p e c i a l l y  on demand r a t e s  and p a t te r n s '.  A c co rd in g ly , 
about a  y e a r  l a t e r ,  H ig h f ie ld  School in  H ill in g d o n  became th e  s u b je c t  o f 
a  m o n ito r in g  e x e r c is e .
T his sc h o o l had a  s e p a ra te  in f a n t s  and ju n io r s  s e c t io n  h o u s in g  90 and 140 
c h i ld r e n  r e s p e c t iv e l y .  The accom m odation f o r  in f a n t s  c o n s is te d  o f  one 
s ta n d a rd  *set*  in  th e  c lassroom  and a  la rg e  room c o n ta in in g  s i x  WCs o f f  
a  lobby  l i n k in g  th e  c lassroom  w ith  th e  p la y g ro u n d . The fo u r  b a s in s  w ere 
mounted in  th e  c lassroom  i t s e l f ,  a t  some d is ta n c e  and th ro u g h  two d o o rs  
from th e  WCs. Two cam eras were needed t o  cover t h i s  a rran g em en t, w h ile  a  
t h i r d  co vered  th e  ‘ s e t* .
I n  th e  ju n io r  p a r t  o f  th e  sch o o l th e r e  w ere two s e t s  o f  two WCs and fo u r  
b a s in s ,  one o f  w hich was f o r  mixed u s e ,  and th e  o th e r  was a r b i t r a r i l y  
s e g re g a te d .  O u ts id e  in  th e  p layg round  a  s e p a r a te  b u i ld in g  housed  seg ­
re g a te d  boys* and g i r l s *  c loakroom s, though  th a t  f o r  boys* was out o f  
u se  a t  th e  tim e  o f  th e  s u rv e y . A t o t a l  o f  f iv e  cam eras w ere needed f o r  
th e  j in io r  s e c t io n ,  one o f  which was mounted on a  t h e a t r i c a l  l i g h t i n g  s ta n d  
as no o th e r  m ounting te c h n iq u e  cou ld  be u se d .
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The r a d io  c o n t ro l le d  system  was u sed  th ro u g h o u t t h i s  s c h o o l, th e  t im e -  
sw itc h  and t r a n s m i t t e r  b e in g  p la c e d  in  th e  Head M aste r’ s O f f ic e ,  No 
problem s w ere e n c o u n te re d , o th e r  th a n  two d e lay ed  days caused  by fo r ­
g e t t i n g  t o  connect th e  t r a n s m i t t e r .  E ig h t days* d a ta  was c o l le c te d  from 
each s e c t io n ,
e )  Andrew Ewing J  M S ch o o l, Hounslow
T his modern sc h o o l was u sed  as som eth ing  o f  a  show p ie c e  by i t s  LEA and 
c o n s is te d  b a s i c a l l y  o f  an  o c ta g o n a l shaped b u i ld in g  on two f l o o r s .  On 
each f l o o r s ,  fo u r  o f  th e  s id e s  c o n ta in e d  t o i l e t  accom m odation, two each 
fo r  boys and g i r l s .  I n  tw o o f  th e s e  th e  b a s in s  w ere p o s i t io n e d  o u ts id e  
th e  c loakroom s, w ith in  th e  c l a s s  a r e a ,  w h ile  in  th e  o th e r  two (one f o r  
boys and one f o r  g i r l s )  a l l  th e  a p p l ia n c e s  w ere to g e th e r .
H aving by t h i s  tim e  u sed  th e  same app roach  on seco n d ary  sc h o o ls  i t  was 
su g g e s te d  t o  th e  Head M is tre s s  t h a t  th e  p u p i ls  m ight b e n e f i t  from th e  
e x e rc is e  o f  m o n ito r in g  t o i l e t  u se  th e m s e lv e s . T his th e y  d id ,  by  w a tch in g  
and co u n tin g  d u r in g  b re a k  and lu n ch  p e r io d s .  In fo rm a l o b se rv a tio n s  
b e fo reh an d  showed t h a t ,  l i k e  S t Andrews, th e  reg im e was v e ry  f r e e  and 
easy  so  t h a t  th e  t o i l e t s  w ere u sed  more o r  l e s s  e v en ly  th ro u g h o u t th e  
d ay . To supplem ent th e  o b se rv e rs  and t o  p ro v id e  a  check on t h e i r  
a c c u ra c y , fo u r  cam eras were i n s t a l l e d  t o  m o n ito r th e  o u ts id e  o f  each  
d o w n sta irs  cloakroom ,
f )  W illiam  D urran t County M iddle S ch o o l, Chesham
T his was an o ld e r  b u i ld in g  c a t e r in g  f o r  300 boys and g i r l s  o f  a  s l i g h t l y  
o ld e r  age ra n g e . S c a t te r e d  th ro u g h o u t th e  b u i ld in g  w ere e ig h t s e t s  o f
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two WCs and two b a s in s ,  w h ile  a s s o c ia te d  w ith  th e  chang ing  rooms were 
a  boys* and a  g i r l s *  cloakroom s* The l a t t e r  were u sed  a t  b re a k ,  w h ile  
th o s e  around th e  c lassro o m s w ere n o t .  The Head M aster ag ree d  t h a t  th e  
p u p il s  sh o u ld  m o n ito r th e  c lassroom  s e t s  while cam eras were in s ta lle d  in  
th e  cloakroom s. Only one cam era was needed  in  each  cloakroom  t o  m o n ito r  
b a s in  and t o i l e t  u s e .
g ) Wendover C o f  E M iddle School
T h is  was a  v e ry  new sc h o o l w hich had o n ly  b een  open a  few m onths a t  th e  
tim e  o f th e  su rv e y . However, th e  d e s ig n  o f  th e  cloakroom  accom m odation 
had changed back  from th e  p r e v a i l in g  t r e n d  o f  su p p ly in g  many sm a ll g roups 
o f f a c i l i t i e s  t o  th e  more t r a d i t i o n a l  c e n t r a l i s e d  t o i l e t  b lo c k s .  I n  t h i s  
ca se  th e  sc h o o l was d iv id e d  in to  ju n io r s  and s e n io r s ,  each  occupy ing  one 
end o f  th e  b u i ld in g  and s e p a ra te d  by  th e  communal h a l l .  On e i t h e r  s id e  
o f th e  h a l l  was a  lobby  c o n ta in in g  one boys* cloakroom  and one f o r  g i r l s ,  
each s e rv in g  about 90 c h i ld r e n .  The t o t a l  number o f a p p l ia n c e s  was th u s  
much red u ced  from th e  numbers n o rm ally  p ro v id e d . B ecause o f  th e  la y o u t 
and th e  o ld e r  children in v o lv e d , t o i l e t  d i s c i p l i n e  more a k in  t o  t h a t  o f 
seco n d ary  sc h o o ls  was in  f o r c e ,  p ro d u c in g  more peaks in  demand a t  b re a k  
and lu n ch  tim e . I n  t h i s  c a se  th e  s t a f f  and p u p i ls  c a r r i e d  ou t a l l  th e  
o b s e rv a tio n s  th e m se lv e s , m o n ito r in g  th e  cloakroom s f o r  f iv e  d a y s .
h )  St A lbans Boys*Grammar School
T his was th e  f i r s t  seco n d ary  sc h o o l t o  be  approached  w ith  th e  id e a  t h a t  
some o f  th e  m aths o r s t a t i s t i c s  p u p i l s  m ight c a r ry  out th e  o b s e rv a tio n s  
o f  cloakroom s th e m se lv e s . They w ere asked  t o  p ro v id e  d a t a  on th e  number 
o f u s e s  f o r  each ty p e  o f  a p p lia n c e  in  each  two m inu te  p e r io d  d u r in g  b re a k  
and a l s o  t o  e s tim a te  th e  p o p u la tio n  se rv e d  by  each cloakroom  m o n ito re d . 
They w ere a l s o  asked  t o  c o l l e c t  d a t a  on o c c u p a tio n  tim e s  f o r  each  ty p e
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o f  ap p lia n c e #  In  o rd e r  t o  p ro v id e  “background in fo rm a tio n  and e x p la in  what 
was r e q u ire d  an In fo rm a tio n  Sheet was p ro v id e d  as  rep ro d u ced  in  Appendix A# 
T h is  was r e p e a te d  w ith  any n e c e s s a ry  s p e c i f i c  a l t e r a t i o n s ,  f o r  each o f  th e  
sc h o o ls  ap p roached . Record S h e e ts ,  a l s o  rep ro d u ced  in  th e  A ppendix, were 
p ro v id e d  and i t  was su g g es ted  t h a t  th e  p u p i l s  s im p ly  s ta n d  in  o r  o u ts id e  
th e  cloakroom  w ith  a  w atch and R ecord S h e e t .
The s t a f f  a t  S t A lbans p roved  v e ry  h e l p f u l ,  and th e y  and th e  boys produced  
d e t a i l e d  and u s e f u l  d a ta .  The accom m odation was r e l a t i v e l y  s t r a ig h tf o r w a r d  
t o  m o n ito r , c o n s is t in g  o f  one la r g e  t o i l e t  a r e a  used  by  th e  w hole sch o o l 
ex cep t th e  S ix th  Form who had t h e i r  own s e p a r a te  b u i ld in g .  One o r  two 
o th e r  sm a ll t o i l e t s  w ere lo c a te d  around  th e  b u i ld in g  b u t w ere n o t used  
a t  b re a k  tim e s  so  were no t m o n ito re d .
i )  H a t f ie ld  G irls*  Grammar School
The F i f t h  Forms g i r l s  h e re  m o n ito red  a l l  f iv e  cloakroom  a re a s  a t  m orning 
b re a k .
j ) Edgware School
T h is  was a  mixed com prehensive sc h o o l o f  400 g i r l s  and 500 b o y s . A ll  th e  
cloakroom s used  t o  any s ig n i f i c a n t  e x te n t  a t  b re a k  p e r io d s  were m o n ito red  
by  th e  p u p ils*
k ) John  K e lly  G irls*  High S choo l, N orth  London
T h is was a  newer com prehensive sc h o o l w ith  many cloakroom s s c a t t e r e d  around  
i t .  However th e  s t a f f  ag reed  t o  m o n ito r  th e  m ain ones and to  e s t im a te  
th e  p o p u la t io n  se rv e d  by  eac h . On each  o f  f iv e  days th e  m orning  b re a k  
p e r io d  was m o n ito red .
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l )  T hea le  G reen S econdary  S ch o o ly n e a r  R eading
Only a  v e ry  l im i te d  amount o f  d a t a  was c o l le c te d  from t h i s  la rg e  compre­
h e n s iv e  s c h o o l.
m) H ea th lan d  S choo l, Hounslow
T his l a r g e ,  m u l t i - s to r e y  com prehensive sc h o o l was new ly b u i l t  a t  th e  tim e  
o f  th e  s tu d y  and was about 450 p u p i ls  s h o r t  o f  i t s  1440 com plem ent. Conr- 
s id e r a b l e  demand d a t a  was c o l le c te d  b u t none on o c c u p a tio n  t im e s .
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2 .6  R e s u l ts  from  sch o o ls
The d a ta  from  th e  v a r io u s  sc h o o ls  was a n a ly se d  in  much th e  same way as  
t h a t  from  o f f i c e s  (C h ap te r 2 .4 )*  Those s c h o o ls  m on ito red  by cam era p ro v id ed  
la rg e  numbers o f  f i lm s  w hich were p ro c e s se d  a s  b e fo re ,  r e c o rd in g  th e  s t a r t  
and end o f  each  even t in  a  lo g  book. The ta s k  was made more d i f f i c u l t ,  
how ever, because  th e  cam eras view ed th e  a p p l ia n c e s  th e m se lv e s , r a t h e r  th a n  
ju s t  th e  o u te r  cloakroom  d o o r . T h is  meant t h a t  in  o rd e r  to  o b ta in  o c c u p a tio n  
tim e s , i t  was n e c e s s a ry  to  fo llo w  each  in d iv id u a l  around th e  cloakroom , 
n o t in g  th e  tim e a t  which he o r  she e n te re d  a  WC c u b ic le  o r  * occupied* a  
w ash b as in . At tim es  th e re  were la r g e  num bers o f  c h i ld r e n  i n  th e  a r e a ,  
e s p e c i a l l y  in  th e  c lassroom  s e t s ,  and t h i s  made i d e n t i f i c a t i o n  even more 
d i f f i c u l t .  I t  was a ls o  n e c e s sa ry  i n  some s i t u a t i o n s  to  u se  a  c e r t a in  amount 
o f d i s c r e t i o n  as  to  w hether a  c h i ld  was l e g i t i m a te ly  occupy ing  a  w ashbasin  
o r w hether he o r  she was p la y in g .  In  th e  in f a n ts *  s e c t io n  a t  S t Andrew’ s ,  
where t h i s  was most a p p a re n t ,  a l l  s o r t s  o f a c t i v i t i e s  were o b se rv e d , in c lu d in g  
th e  w ash ing  o f  a  d o l l ’ s h a ir*  The c r i t e r i o n  ad o p ted  was alw ays t h a t  th e  b a s in  
was o ccup ied  f o r  th e  whole tim e f o r  w hich i t  was d en ied  to  a n o th e r  u s e r .  The 
f a c t  t h a t  th e  o th e r  u s e r  m ight have had to  u se  a  c e r t a in  amount o f  p e r s u a s io n  
to  g e t a t  th e  b a s in ,  m ight th e n  have to  be ta k e n  in to  a c c o u n t.
A part from  t h i s ,  few problem s emerged and th e  d a ta  co u ld  be s tu d ie d  to  o b ta in  
th e  same th r e e  c a te g o r ie s  o f in fo rm a tio n  a s  b e f o r e .  I n  th o se  s c h o o ls  where 
d a ta  c o l l e c t io n  was by o b s e rv e rs ,  t h e i r  r e c o rd  s h e e ts  were a n a ly se d  in  th e  
same way. The main d i f f e r e n c e  h e re  was t h a t  th e  m o n ito r in g  i n t e r v a l s  were 
2 m inu tes in s te a d  o f  5«
In  th e  p rim ary  sc h o o ls  s tu d ie d ,  i t  was found th a t  th e  f a c i l i t i e s  c o u ld  be 
c l a s s i f i e d  in  fo u r  ways depend ing  on th e  ty p e  o f  u se  r e c e iv e d .  These were
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I n f a n t s ,  J u n io r  M ixed, J u n io r  Boys and J u n io r  G i r l s .  Each c a te g o ry  was 
found  to  e x h ib i t  d i f f e r e n t  c h a r a c t e r i s t i c s  in  te rm s o f  p a t t e r n s  o f  demand 
and o c c u p a tio n  t im e s , a lth o u g h  i t  i s  l i k e l y  t h a t  i f  th e  Mixed usage  was 
s e p a ra te d  in to  boys* and g i r l s *  demand t h i s  would co rresp o n d  to  th e  s e g re g a te d  
c loak room s. W ith th e  two c a te g o r ie s  o f  seco n d ary  cloakroom s added , a  t o t a l  
o f  s i x  were i d e n t i f i e d .
a )  O ccupation  tim es
D is t r ib u t io n s  o f  o c c u p a tio n  tim es  were form ed i n  th e  same way a s  f o r  
o f f i c e s .  B efore com bining d i s t r i b u t i o n s  from  two sc h o o ls  f o r  th e  same 
c a te g o ry  o f  u sa g e , Chi—sq u ared  t e s t s  were perfo rm ed  as d e s c r ib e d  in  
C hap ter 2.4* In  a l l  c a se s  th e  co m b in a tio n s  were j u s t i f i e d  so t h a t  s ix  
s e t s  o f  d i s t r i b u t i o n s  r e s u l t e d .  F o r I n f a n t s ,  th e  d i s t r i b u t i o n s  shown in  
F ig  2 .6 .1  were o b ta in e d  from  th r e e  s c h o o ls .  I t  w i l l  be n o te d  t h a t  th e  
o v e r a l l  shapes o f  th e  d i s t r i b u t i o n  a re  v e ry  s im i la r  to  th o s e  in  o f f i c e s .  
That f o r  WCs in c lu d e s  b o th  boys and g i r l s  and i t s  mean i s  n o t s u r p r i s in g ly  
c o n s id e ra b ly  l e s s  th a n  f o r  women in  o f f i c e s .  However th e  b a s in s  a re  
u sed  on av erag e  f o r  lo n g e r ,  because  usage in c lu d e s  w ash ing  o f f  p a i n t ,  e t c .
F ig  2 .6 .2  shows th e  two d i s t r i b u t i o n s  f o r  th e  Mixed J u n io r s ,  b ased  on 
d a ta  from  fo u r  s c h o o ls .  As th e  c h i ld r e n  g e t o ld e r ,  o c c u p a tio n  tim es  
seem to  d e c re a s e , though on ly  s l i g h t l y .
In  F ig  2 .6 .3  and 2 .6 .4  th e  d i s t r i b u t i o n s  show r e s u l t s  o f  th e  s e g re g a te d  
cloakroom s. U n fo r tu n a te ly  v e ry  l i t t l e  usage o f  boys* WCs was o b se rv ed  
so t h a t  th e  d i s t r i b u t i o n  i s  n o t v e ry  m e an in g fu l. I t  would a p p e a r  to o  
t h a t  some boys u se  th e  WC in s te a d  o f  a  u r in a l  — p a r t i c u l a r l y  a t  
W illiam  D u rran t m iddle s c h o o l.  I t  w i l l  a l s o  be observ ed  th a t  th e  mean 
v a lu e  f o r  b o y s ’ u r in a l s  i s  c o n s id e ra b ly  l e s s  th a n  t h a t  f o r  men (22 s e c s
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do u p p u ocu  iu  t'iij.o prebiuuciu i(y jLriu.ica.xes a  i a s x e r  p a c e  ox l i v i n g  ax
t h a t  ag e .
In  T able 2 .6 .1  th e  mean v a lu e  o f  th e  o c c u p a tio n  tim es  f o r  each sch o o l and 
f o r  th e  f i n a l  d i s t r i b u t i o n s  a re  g iv e n , to g e th e r  w ith  th e  number o f  
o b s e rv a tio n s  in  each c a s e .  I t  w i l l  be seen  t h a t  ex cep t f o r  th e  boys* WCs 
s u f f i c i e n t  d a ta  was o b ta in e d  to  make th e  d i s t r i b u t i o n s  smooth and to  
g iv e  r e l i a b l e  v a lu e s  f o r  th e  m eans.
The Secondary sch o o l d a ta ,  becau se  o f  th e  way in  which i t  was c o l l e c t e d ,  
was c o m p a ra tiv e ly  s h o r t  on o c c u p a tio n  t im e s . F o r exam ple, on ly  th r e e  
v a lu e s  f o r  boys* WCs were o b ta in e d  (from  Edgware S choo l) and none f o r  
b o y s’ b a s in s ;  t h i s  l a t t e r  b ecause  v e ry  few boys seemed to  wash t h e i r  
h a n d s . The th re e  d i s t r i b u t i o n s  o f  any s ig n i f i c a n c e  a re  rep ro d u ced  in  
F ig s  2 .6 .5  and 2 .6 .6 ,  w h ile  T able 2 .6 .2  q u o te s  mean v a lu e s .  One p o in t  o f  
i n t e r e s t  i s  th a t  w h ile  th e  mean u r in a l  occupancy c lo s e ly  re sem b les  t h a t  
f o r  P rim ary  s c h o o ls ,  i n  th e  g i r l s ’ cloakroom  v a lu e s  f o r  b o th  WC and b a s in  
a r e  v e ry  much more l i k e  th o s e  o b served  i n  o f f i c e s .  T h is i s  p resum ab ly  
an  in d i c a t io n  t h a t  g i r l s  grow up f a s t e r  th a n  boys.
I n  two o f  th e  G i r l s ’ Secondary sc h o o ls  o b s e rv a tio n s  o f  o c c u p a tio n  tim es  
were a p p l ie d  to  u se  o f  th e  cloakroom  a s  a  whole and th e r e f o r e  co u ld  n o t 
be u se d .
b ) Demand
B efore e x p lo r in g  th e  d e t a i l s  o f  th e  p a t t e r n s  o f  demand found  i n  th e  
s c h o o ls ,  a  few b road  g e n e r a l i s a t io n s  can be made. I n  th e  f i r s t  p la c e  
i t  soon became obv ious t h a t  th e  m ajor f a c t o r  c o n t r o l l i n g  th e  demands 
made on th e  s a n i t a r y  f i t t i n g s  i n s t a l l e d  i n  th e  P rim ary  s c h o o ls  was th e  
reg im e im posed by th e  s t a f f  o f  each s c h o o l.  Those s c h o o ls  where th e
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s t a f f  fav o u red  th e  more t r a d i t i o n a l  approach  o f  d is c o u ra g in g  c h i ld r e n  
from  v i s i t i n g  th e  t o i l e t s  d u r in g  le s s o n s  (e x c e p t when d e s p a r a t e ) f 
ex p e rien ced  v e ry  d e f i n i t e  p eak  p e r io d s  o f demand a t  b re a k  and lu n ch  tim e s . 
On th e  o th e r  hand sc h o o ls  where more modem id e a s  a llo w ed  g r e a t e r  freedom  
e i t h e r  e x p e r ie n c e d  g r e a t ly  red u ced  peaks o r  even none a t  a l l .  A ll th e  
Secondary sc h o o ls  showed p a t t e r n s  b e lo n g in g  to  th e  fo rm er c a te g o ry , where 
v e ry  w e ll d e f in e d  p eaks became o b v io u s . One sch o o l (S t A lbans Grammar) 
p lo t t e d  th e  demand f o r  u r i n a l s  th ro u g h o u t th e  day in  tw o-m inute p e r io d s  
o v er n in e  d a y s . The r e s u l t i n g  p a t t e r n  i s  shown in  F ig  2 .6 .7 *  I t  i s  
obv ious t h a t  th e  h e a v ie s t  demand o ccu rs  a t  m orning b re a k , and th e n  w ith in  
th e  f i r s t  s i x  m in u tes  o u t o f  tw en ty . At lu n ch  tim e th e r e  a re  m ir ro r  
image peaks a t  th e  s t a r t  and end o f  th e  s e v e n ty  m inute b re a k , w h ile  a  
f u r t h e r  demand o ccu rs  a f t e r  th e  end o f  s c h o o l.  T his g e n e ra l shape was 
re p e a te d  in  a l l  sc h o o ls  to  a  g r e a t e r  o r  l e s s e r  e x te n t ,  f l a t t e n i n g  ou t 
a lm o st c o m p le te ly  i n  S t Andrews and Andrew Ewing. One d i f f e r e n c e  betw een 
P rim ary  and Secondary s c h o o ls ,  how ever, was t h a t  th e  h e a v ie s t  demand 
o c c u rre d  a t  lu n ch  tim e i n  th e  fo rm e r, 32$y g o in g  th ro u g h  each  sc h o o l i n  
tu r n  th e  v a r i a t i o n  w i l l  become a p p a re n t .
At S t Andrews P rim ary  sch o o l no s in g le  f iv e -m in u te  p e r io d  co u ld  be i d e n t i f i e d  
a s  c o n ta in in g  c o n s i s t e n t ly  heavy demand. I n  b o th  th e  I n f a n t  and J u n io r  
s e c t io n s  th e  mean f iv e -m in u te  demand r a t e  ov er th e  p e r io d  m o n ito red  was 
2 .5 $  o f  th e  p o p u la t io n  f o r  t o i l e t s  and 2 .5 $  f o r  b a s in s ,  r i s i n g  to  maximum 
observed  v a lu e s  o f  12$ and 10$ r e s p e c t iv e l y .  S im i la r ly  a t  Andrew Ewing, 
a lth o u g h  on ly  f o r  ju n io r s ,  demand av e ra g ed 4$ f o r  th e  b o y s f cloakroom  and 3$ 
f o r  th e  g i r l s * .
At D undale S choo l, how ever, th e  mean demand f o r  boys* t o i l e t s  was 13$ and 
f o r  b a s in s  was 18$. F o r g i r l s  th e  v a lu e s  were 2$ and 14$* The r a t h e r  low
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• to i le t  u se  h e re  was la r g e ly  u n e x p la in e d . These f ig u r e s  f o r  b a s in s  in c lu d e  
th o se  t o i l e t  u s e r s  who su b se q u e n tly  washed t h e i r  h a n d s , so  can  be ta k e n  a s  
o v e r a l l  demand f ig u r e s .
At H i^ i f i e l d  th e  I n f a n ts  s e c t io n  showed mean demand v a lu e s  o f  16$ d u r in g  
th e  peak f iv e -m in u te  p e r io d .  On one o c c a s io n  25$ o f th e  p o p u la t io n  w ere 
observed  to  u se  th e  WC d u r in g  one f iv e -m in u te  p e r io d ,  w h ile  s im u lta n e o u s ly  
a  l a r g e ly  d i f f e r e n t  25$ used  th e  b a s in s .  I n  th e  mixed ju n io r  accom m odation 
means o f  5$ f o r  WCs and 4$ f o r  b a s in s  were o b se rv ed .
At W illiam  D u rran t M iddle S choo l, th e  h ig h e s t  t o i l e t  u se  o c c u rre d  a t
m orning b re a k , w ith  v a lu e s  o f  8$ f o r  boys and 10$ f o r  g i r l s .  However th e  
peak i n  b a s in  usage o ccu rred  a t  th e  s t a r t  o f  th e  lu n ch  b re a k  w ith  v a lu e s  
o f  15$  i n  each  c a se .
Wendover M iddle School was th e  most •S e co n d a ry -lik e *  o f  th e  low er s c h o o ls
s tu d ie d .  Here th e  peak  demand o c c u rre d  i n  th e  f i r s t  f iv e  m in u tes  o f  th e
lunch  b re a k  each  day w ith  14$ o f  th e  boys u s in g  a  u r in a l  and 8$ a  b a s in  
in  t h a t  i n t e r v a l .  The g i r l s  showed l e s s  peaked  demand and re a c h e d  10$ in  
i n  th e  f i r s t  f iv e  m inu tes b u t c o n tin u e d  more ev e n ly  o v er th e  b re a k . The 
boys* WC demand was f a i r l y  even o v er th e  lu n ch  a t  0 .4 $  p e r  f i v e  m in u tes  
b u t reac h ed  1$ d u r in g  m orning b re a k . One i n t e r e s t i n g  f e a tu r e  was th e  
rem arkab ly  c o n s ta n t r a t i o  from  day to  day betw een demand in  th e  f i r s t  f i v e  
m inu tes to  demand i n  th e  second . T h is r a t i o  was abou t 3 .4  f o r  boys* u r i n a l s  
and 2 .8  f o r  g i r l s 1 WCs.
The f ig u r e s  quo ted  above em phasise th e  d i f f i c u l t y  in  a r r i v i n g  a t  a  s in g le  
d e s ig n  v a lu e  f o r  th e  peak demand r a t e  on a  P riraazy School c loakroom . One
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im p o rta n t d e c i s io n  was made, how ever, and t h a t  was to  d e s ig n  a c c o rd in g  to  
u sage in  th e  more dem anding sc h o o ls  r a t h e r  th a n  to  t r y  to  ta k e  a  mean value*  
The re a s o n  f o r  t h i s  i s  t h a t  i t  i s  q u i te  obv ious t h a t  th e  usage o f  th e  
f a c i l i t i e s ,  w h ile  in  p a r t  d e te rm in ed  by th e  la y o u t o f  th e  b u i ld in g ,  i s  to  
a  la rg e  e x te n t  governed  by th e  p h ilo so p h y  o f  th e  te a c h in g  s t a f f .  I n  th e  l i f e  
o f  a  sch o o l b u i ld in g ,  th e  s t a f f  can be ex p ec ted  to  change many t im e s , as
w i l l  t r e n d s  i n  e d u c a tio n  p r a c t i c e .  I t  i s  th e r e f o r e  more lo g i c a l  to  d e s ig n
s e r v ic e s  such a s  s a n i t a r y  p ro v is io n s  on th e  b a s i s  o f  th e  more dem anding needs 
t h a t  th e  b u i ld in g  i s  l i k e l y  to  e n c o u n te r .
B earin g  t h i s  in  mind i t  was d ec id ed  to  ta k e  a s  th e  d e s ig n  s i t u a t i o n  a  peak
f iv e -m in u te  p e r io d  in  w hich an av erag e  o f  20$ o f  th e  p o p u la tio n  u se  a
cloakroom . T his peak form s p a r t  o f  a  tw en ty  m inute demand p a t t e r n  w hich , 
b ased  m ain ly  on d a ta  from  B undale and H ig h f ie ld ,  i s  rep ro d u ced  i n  P ig  2 .6 .8 .  
F u rth erm o re  i t  was c l e a r  t h a t  on av erag e  h a l f  th e  u s e r s  in  th e  g i r l s * ,  mixed 
ju n io r s  and in fa n ts *  cloakroom s u sed  th e  WC, and h a l f  u sed  th e  b a s in  a lo n e .
In  th e  boys* cloakroom  th e  r a t i o  o f  W C :u r in a l:b a s in  u se  was ta k e n  to  be
2 :25 :15*
In  th e  Secondary S chools th e  f i r s t  th in g  to  become a p p a re n t was t h a t  demand 
was much l e s s  v a r ie d  from  sch o o l to  s c h o o l. T h is  was p resum ab ly  b ecau se  
th e  g e n e ra l  r u le  i s  th a t  t o i l e t s  a re  on ly  v i s i t e d  a t  b re a k  and lu n ch  t im e s .  
S econd ly , th e  h ig h e s t  use  o c c u rre d  d u r in g  m orning b reak  r a th e r  th a n  th e  
s t a r t  o f th e  lu n ch  b re a k . T h ird ly  th e  peak  demand, a lth o u g h  more p ronounced  
th a n  in  most P rim ary  S ch o o ls , was a t  a  low er l e v e l  when e x p re sse d  a s  a  
p e rc e n ta g e  o f  th e  p o p u la t io n .  The in d iv id u a l  sc h o o ls  a re  d is c u s s e d  b r i e f l y  
below .
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St A lbans Boys1 Grammar School r e p o r te d  a  peak  demand r a t e  o f  8$ i n  th e  
f i r s t  f iv e  m inu tes o f  m orning b re a k , o f whom 4*2$ a r r iv e d  in  th e  f i r s t  
two m inu tes (s e e  F ig  2 .6 .7 ) .  T h is  demand was a lm o st e n t i r e l y  f o r  u r in a l s  
and v i r t u a l l y  no hand w ash ing  o r  u se  o f VICs was r e p o r te d .
At H a tf ie ld  G ir ls*  Grammar School usage d u r in g  b re a k  was much more even 
and in  th e  main cloakroom  s e rv in g  5 J\0 g i r l s  o n ly  av erag ed  2$ p e r  f iv e  m in u te s . 
One o f  th e  s m a lle r  c loakroom s, how ever, e x p e rie n c e d  a  mean o f  6$ o f i t s  
p o p u la t io n  o f  60.
The boys a t  Edgware School p la c e d  a  mean demand on t h e i r  cloakroom s o f  5$ 
in  th e  f i r s t  f iv e  m inu tes  o f  b re a k , w ith  a g a in  v e iy  i n s i g n i f i c a n t  u se  o f  
WCs and b a s in s .  F o r g i r l s  on th e  o th e r  h and , th e  peak  demand reac h ed  11$ 
in c lu d in g  c o n s id e ra b le  u se  o f  b a s in s  f o r  hand w ashing a f t e r  u se  o f  WCs. 
S im i la r ly ,  th e  g i r l s  a t  John  K e lly  School used  th e  b a s in s  more and showed a  
peak  demand o f  6$ on a v e ra g e .
Very l i t t l e  d a ta  was o b ta in e d  from  T heale  G reen S choo l; one d a y ’ s r e c o rd in g  
f o r  boys a t  m orning b re a k  showed t h a t  th e  f i r s t  f i v e  m in u tes  e x p e rie n c e d  a  
demand o f  8$ f o r  th e  u r i n a l s .  H ea th lan d  School d id  r a t h e r  b e t t e r  and r e p o r te d  
means o f  8$ and 11$ f o r  boys and g i r l s  r e s p e c t iv e l y .
These r e s u l t s  a re  sum m arised i n  T able 2 .6 .3  which shows th e  mean f iv e -m in u te  
demand r a t e s  f o r  th e  fo u r  i n t e r v a l s  o f  th e  b re a k  p e r io d .  The v a lu e s  ad o p ted  
as  d e s ig n  p a t t e r n s  a re  a l s o  shown and a re  rep ro d u ced  g r a p h ic a l ly  i n  F ig  2 .6 .9 *  
Once a g a in  th e se  d e s ig n  v a lu e s  a re  more a k in  to  th e  h e a v ie r  demands o b se rv ed  
so t h a t  th e  ’w orst c a s e ’ can  be c a te r e d  f o r .  I n  o rd e r  to  a llo w  f o r  some u se  o f 
WCs and b a s in s  in  b o y s’ cloakroom s, th e  t o t a l  d e s ig n  demand i n  th e  p eak  f i v e -  
m inute p e r io d  was in c re a s e d  to  9$» w ith  a  W C :u r in a l:b a s in  r a t i o  o f  1 :1 6 :1 .
F or g i r l s  th e  t o t a l  demand was p u t a t  12$ w ith  a  W C:basin r a t i o  o f  5 :1 .
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School
Boys G ir l s
WC U rin a l WC B asin
1 22 (9 9 )
2 71 (1 5 9 ) 19 (164 )
3 190 (3 ) 21 (100 ) 72 (5 0 ) 22 (100 )
Mean 190 22 71 20
TABLE 2*6*2 —Mean o c c u p a tio n  tim e s  i n  seco n d s , f o r  
Secondary  Schools*
F ig u re s  in  b r a c k e ts  a r e  num bers o f  o b s e rv a t io n s .
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School
Boys* u r i n a l s G ir ls * WCs
5 -m in u te  p e r io d s 5 -m inu te  p e r io d s
1 2 3 4 1 2 3 4
1 8 7 6 2 —
2 - Mean = 6
3 5 4 2 - 11 5 5
4 - 6 5 2 1
5 7 3 0 1 -
6 (am) 8 4 2 3 11 6 4 5
6 ( lu n c h ) 3 6 8 5 -
Adopted p a t t e r n 8 6 5 3 11 6 5 4
TABLE 2 .6*3  . — Demand i n  S econdary  S ch o o ls
Mean demand r a t e  d u r in g  each  f iv e -m in u te  p e r io d  
o f  m orning b re a k , ex p re sse d  a s  p e rc e n ta g e s  o f  
p o p u la tio n  s e rv e d .
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3 . THE SIMULATION MODEL
3,1  I n t r o d u c t io n
A cco rd ing  to  one ICL com puter manual (1 3 ) ,  ’ S im u la tio n  i s  a  te c h n iq u e  f o r  
o b ta in in g  in fo rm a tio n  ab o u t th e  perfo rm ance  o f  a  system  w ith o u t a c t u a l l y  p u t t in g  
t h a t  system  in to  o p e ra tio n *  The te c h n iq u e  i s  to  c r e a te  a  model o f  th e  system  
by making l i s t s  o f  item s  a t  each  s ta g e  i n  th e  p ro c e s s ,  and t r a n s f e r r i n g  item s  
from  one to  a n o th e r  i n  th e  c o r r e c t  c h ro n o lo g ic a l o r d e r .  A ll th e  in fo rm a tio n  
re q u ir e d  abou t th e  p ro c e s s  can th e n  be o b ta in e d  by o b s e rv a tio n  o f th e  m odel.
T h is  te c h n iq u e  can be c a r r i e d  ou t u s in g  a  p e n c i l  and p a p e r; how ever, f o r  any 
b u t th e  most s im p le  case  i t  becomes so cumbersome t h a t  th e  u se  o f a  com puter 
i s  e s s e n t i a l • •
At th e  b e g in n in g  o f  th e  i n v e s t i g a t io n  in to  s a n i t a r y  accom m odation i t  was n o t 
c l e a r  w h eth er a  s im u la tio n  ap p roach  w ould be th e  r i g h t  one, o r  w hether 
s t a t i s t i c a l  m ethods, p e rh ap s  combined w ith  th e  a p p l ic a t io n  o f q u eu e in g  th e o ry ,  
would p rove  more s u i t a b l e .  I t  was th e r e f o r e  d ec id ed  th a t  a  model sh o u ld  be 
c o n s tru c te d ,  i f  o n ly  to  se e  how t h i s  te c h n iq u e  cou ld  be a d a p te d  to  th e  
h a n d lin g  o f  b u i ld in g  s e r v ic e s  and th e  u s e r / s e r v e r  i n t e r a c t i o n .  I t  soon 
became c l e a r  t h a t  co m p lica ted  p ro c e s s e s  co u ld  be s tu d ie d  much more e a s i l y  and 
co m p e ten tly  by t h i s  means th a n  by  any  o th e r .  Whereas th e  v a r i a b i l i t y  and 
v a g a r ie s  o f  human b e h a v io u r co u ld  be e x p l i c i t l y  w r i t t e n  i n to  a  com puter model 
i n  o rd e r  t o  t e s t  t h e i r  e f f e c t  on th e  perfo rm ance o f  th e  sy stem , m a th em a tica l 
methods r e q u i r e  more fo rm a lis e d  t r e a tm e n t .
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3.2 The language
T here a r e  s e v e ra l  com puter s im u la tio n  la n g u ag es  t h a t  would have "been a p p l ic a b le  
to  t h i s  p rob lem . To some e x te n t  th e  ch o ice  was d e te rm in ed  a s  much by i t  b e in g  
a v a i la b l e  on th e  BRE ICL1905 E com puter a s  on i t s  s u p e r i o r i t y .  Only w ith  
h in d s ig h t  was i t  p o s s ib le  to  con firm  t h a t  i t  wets a  s u i t a b l e  ch o ice  and t h a t  
i t s  f a c i l i t i e s  were ad m irab ly  s u i t e d  to  th e  p rob lem .
The C o n tro l and S im u la tio n  Language (CSL) was o r i g i n a l l y  co n ce iv ed  i n  i 960 by 
th e  E sso  O p e ra tio n a l R esearch  Group i n  c o n ju n c tio n  w ith  IBM f o r  th e  p u rpose  o f 
m o d e llin g  th e  o p e ra t io n  o f ta n k e r  f l e e t s .  I t  o p e ra te s  e s s e n t i a l l y  a s  a  
com m unication language  betw een th e  program m er and th e  F o r t r a n  programm ing 
la n g u ag e , h a n d lin g  many o f  th e  co n ce p ts  o f  s im u la t io n  a u to m a t ic a l ly  and 
p ro v id in g  a  s t r u c t u r e  w ith in  w hich to  w ork.
I t  i s  one o f a  s e r i e s  o f d i s c r e t e  ev en t la n g u ag es  i n  w hich th e  program  m odels a  
sy stem , th e  s t a t e  o f w hich changes d i s c r e t e l y  r a t h e r  th a n  c o n tin u o u s ly . Some 
o f  th e s e  lan g u ag es  a re  ’ even t b ased * , w here th e  model d e s c r ib e s  th e  com plete  
e f f e c t  and re p e rc u s s io n s  o f  each  ev en t and h o ld s  a  c h ro n o lo g ic a l l i s t  o f  th e  
tim e  and ty p e  o f  th e s e  e v e n ts .  O th e rs , in c lu d in g  CSL, a r e  ’ a c t i v i t y  b a se d ’ and 
th e  program  c o n s is ts  o f  a  s e r i e s  o f  a c t i v i t i e s  w hich change th e  s t a t e  o f  th e  
system  by m a n ip u la tin g  th e  l i s t s .  The system  i t s e l f  c o n s is ts  o f  e n t i t i e s  o r  
’ t h i n g s ’ w hich move th ro u g h  i t  by  p a s s in g  from  one s t a t e  (o r  l i s t )  to  a n o th e r  
a t  c e r t a i n  t im e s .  Each a c t i v i t y  o p e ra te s  on one o r  more e n t i t i e s  p ro v id e d  a  
p a r t i c u l a r  s e t  o f c o n d itio n s  a re  s a t i s f i e d .  Some e n t i t i e s  have tim e  c e l l s  
a s s o c ia te d  w ith  them w hich h o ld  th e  tim e  w hich must e la p s e  b e fo re  th e  n e x t 
change can o c c u r . The language has a  b u i l t - i n  c lo c k  w hich m o n ito rs  model tim e  
and th e  program  o p e ra te s  by u p d a tin g  t h i s  c lo c k  to  th e  n ex t lo w e s t p o s i t i v e  
tim e  c e l l .  A ll c e l l s  have t h i s  in c re a s e  s u b t r a c te d  from  them and th e  program  
goes th ro u g h  a  l i s t  o f a c t i v i t i e s  o p e ra t in g  on th o s e  e n t i t i e s  w here th e  t e s t  
c o n d i t io n s  a re  s a t i s f i e d ,  f o r  example where th e  tim e  c e l l  i s  z e ro .
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One o f th e  im p o rta n t f a c i l i t i e s  o f  CSL i s  i t s  a b i l i t y  to  h an d le  a  v a r i e t y  o f 
s t a t i s t i c a l  d i s t r i b u t i o n s  and sam ple v a lu e s  from  them . I t  i s  a  f e a t u r e  common 
to  most s im u la tio n  m odels t h a t  e v e n ts ,  p e r io d s  o f  tim e and s im i la r  p a ra m e te rs  
a r e  members o f  s t a t i s t i c a l  p o p u la t io n s .  The most common i s  p ro b a b ly  th e  t im in g  
o f  a r r i v a l s  to  th e  system  b e in g  m o d e lled . To h an d le  t h i s ,  CSL u se s  a  pseudo­
random number g e n e ra to r  to  g e n e ra te  numbers betw een 0 and 1; th e s e  a re  th e n  
u sed  to  sam ple v a lu e s  from  a  v a r i e t y  o f d i s t r i b u t i o n s ,  w hich can  be o f  two 
d i s t i n c t  ty p e s :
(a )  B u i l t - i n  s ta n d a rd  s t a t i s t i c a l  f u n c t io n s ,  such  a s  Normal, P o is so n ,
N eg a tiv e  E x p o n en tia l and R e c ta n g u la r , each  o f w hich can  be d e f in e d  
by one o r  two in p u t p a ra m e te rs .
(b ) U s e r - s p e c if ie d  fre q u e n c y  d i s t r i b u t i o n s  f o r  w hich a r r a y s  o f  v a lu e s  and 
t h e i r  f r e q u e n c ie s  a re  s u p p lie d  a s  in p u t .
To u se  th e  f i r s t  ty p e ,  a l l  th e  programm er h as  t o  do i s  t o  p ro v id e  a  s t a r t i n g  
v a lu e  f o r  th e  random number s tre a m , th e n  c a l l  th e  p a r t i c u l a r  f u n c t io n  and  su p p ly  
th e  d e f in in g  p a ram e te rs  a s  a rg u m e n ts . F o r th e  second  ty p e ,  a  l i s t  o f  th e  
d i s t r i b u t i o n  i s  in p u t  a s  d a ta  and  a  s p e c ia l  f u n c t io n  c o n v e r ts  i t  t o  a  
cu m u la tiv e  form  read y  f o r  sam p lin g .
T h is  v e ry  b r i e f  d e s c r ip t io n  o f th e  language  w i l l  be more r e a d i ly  u n d e rs to o d  
by i t s  a p p l ic a t io n  to  th e  problem  i n  hand .
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3*3 The cloakroom  model
As d is c u s s e d  e a r l i e r  (C h ap te r  2 .1 )  th e  cloakroom  c o n s i s t s  o f  a  number o f 
d i f f e r e n t  a p p l ia n c e s  and i s  v i s i t e d  by  a  s e r i e s  o f  u s e r s .  A t i t s  s im p le s t ,  
t h e r e f o r e ,  th e  model c o n s i s t s  o f  two c la s s e s  o f  e n t i t y  -  U ser and A p p lia n c e . 
U sers can be i n  th r e e  s t a t e s ,  o r  ‘ s e t s 1 -  USING, QUEUING OR NOTHERE (o u ts id e  
th e  c loak room ). A p p lia n ces  can be e i t h e r  VACANT o r  ENGAGED. The o p e ra t io n  o f 
th e  b a s ic  system  i s  th e n  d e s c r ib e d  by  a  c y c le  d iagram  a s  i n  F ig u re  3 .3* 1» i n  
w hich s e t s  a re  shown a s  o v a ls  and  a c t i v i t i e s  a s  r e c ta n g u la r  b o x es . The 
a c t i v i t i e s  a c t u a l l y  u sed  to  change t h i s  s t a t e  a r e  USER ARRIVES, OCCUPY 
APPLIANCE and VACATE APPLIANCE. T h is  l a s t  in c o rp o ra te s  th e  ’ leave*  a c t i v i t y  
o f F ig u re  3*3*1. The b a s ic  b lo c k  d iagram  o f th e  program  i s  shown i n  
F ig u re  3 * 3 .2 . Here i t  w i l l  be n o t ic e d  t h a t  th e  o rd e r  o f  a c t i v i t i e s  i s  n o t t h a t  
w hich m ight l o g i c a l l y  be e x p e c te d . By e n te r in g  ’ VACATE APPLIANCE* b e fo re  
’ OCCUPY APPLIANCE’ a t  any  g iv e n  t im e , th e  program  o b v ia te s  th e  need  to  scan  
th e  a c t i v i t y  l i s t  tw ic e  i n  th e  case  w here an  a p p lia n c e  becomes f r e e  a t  th e  
same tim e  a s  a  u s e r  r e q u i r e s  i t .
T here a r e  250 u s e r s ,  each  i d e n t i f i e d  by a  number w ith in  th e  p rogram . Each has 
two ’a t t r i b u t e s ’ o r  p r o p e r t i e s ,  c o n ta in in g  v a lu e s  w hich may be r e d e f in e d  many 
tim e s  d u r in g  each  ru n  o f th e  program . These s to r e  code numbers f o r  th e  
a p p l ia n c e s  re q u ir e d  by  th e  u s e r ,  u s in g  th e  Code 1 = WC, 2 f o r  u r in a l  and  3 f o r  
b a s in .  The f i r s t  r e c o rd s  th e  f i r s t  a p p l ia n c e  u se d , w h ile  th e  second  i s  e i t h e r  
0 o r  3 to  d e te rm in e  w h eth er o r  n o t th e  u s e r  su b se q u e n tly  w ashes h i s  h a n d s .
S im i la r ly ,  each  o f th e  40 a p p lia n c e s  has 2 a t t r i b u t e s .  The f i r s t  r e c o rd s  th e  
ty p e  o f  th e  a p p l ia n c e ,  u s in g  th e  same code d i g i t s  a s  above, w h ile  th e  second  
h o ld s  th e  i d e n t i f i c a t i o n  number o f  th e  u s e r  o ccupy ing  th e  a p p l ia n c e .
T h is  th e n  i s  th e  b a s ic  m odel, b u t i t  needs r a t h e r  more b e fo re  i t  can  work 
m e a n in g fu lly . F i r s t  o f  a l l  i t  r e q u ir e s  in fo rm a tio n  on th e  way th e  a c t i v i t i e s
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a r e  to  fu n c t io n  and t h i s  i s  p ro v id e d  b o th  from  w ith in  th e  program  and a s  d a ta  
a t  ru n  t im e . S t a r t i n g  w ith  th e  f i r s t  a c t i v i t y  ( ’U ser a r r i v e s * ) ,  F ig u re s  3 .3 .2  
shows t h a t  th e  u s e r  a r r i v i n g  i n  th e  cloakroom  i s  a l lo c a t e d  two a p p lia n c e  ty p e s .  
These a re  s e le c te d  by  sam p ling  from  two d i s t r i b u t i o n s  o f a p p lia n c e  ty p e s  
s u p p lie d  a s  in p u t .  The f i r s t ,  c a l l e d  USEFIRST, c o n ta in s  th e  r e l a t i v e  
p r o b a b i l i t y  t h a t  a  u s e r  w i l l  u se  a  WC, u r i n a l  o r  b a s in  a s  h i s  o r  h e r  p rim ary  
re q u ire m e n t. USESECOND, th e n  c o n ta in s  th e  p r o b a b i l i t y  f o r  and a g a in s t  
su b seq u en t hand w ash ing .
The second t a s k  o f  t h i s  a c t i v i t y  i s  to  s e l e c t  th e  tim e  o f  a r r i v a l  o f  th e  n ex t 
u s e r  and to  a l l o c a t e  i t  t o  th e  f i r s t  u s e r  i n  NCTHERE. As d e s c r ib e d  i n  
C hap te rs  2 .4  and  2 .6  th e  number o f  a r r i v a l s  p e r  u n i t  tim e  i s  d e f in e d  by a 
P o is so n  p r o b a b i l i t y  d i s t r i b u t i o n .  T h is  im p lie s  t h a t  th e  tim e  betw een a r r i v a l s  
fo llo w s  a  N eg a tiv e  E x p o n en tia l D i s t r i b u t io n .  T h is  i n  f a c t  i s  th e  s ta n d a rd  
i n t e r - a r r i v a l  p a t t e r n  o f  random demand and r e q u i r e s  o n ly  th e  mean v a lu e  as  
in p u t d a ta .
At t h i s  p o in t  th e  program  becomes r a t h e r  more co m p lica ted  th a n  th e  o r ig i n a l  
b lo c k  d iagram  im p l ie s .  I n  th e  f i r s t  p la c e  r e f e r e n c e  to  C hap ter 2 .6  w i l l  show 
t h a t  f o r  sc h o o ls  th e  a r r i v a l  r a t e  o f  u s e r s  a t  th e  cloakroom  d id  n o t rem ain  
c o n s ta n t b u t v a r ie d  w ith in  th e  b re a k  p e r io d .  To cope w ith  t h i s  an  e x t r a  
a c t i v i t y  i s  in c lu d e d , c a l le d  CHA.NGERATE. T h is  changes th e  mean v a lu e  o f  th e  
n e g a t iv e  e x p o n e n tia l d i s t r i b u t i o n  a t  i n t e r v a l s  d u r in g  th e  ru n . A ’ sw itch* 
s u p p lie d  a s  in p u t d e te rm in e s  w hether th e  a r r i v a l  r a t e  rem ains c o n s ta n t ,  v a r ie s  
a c c o rd in g  to  a  s ta n d a rd  p a t t e r n  (d e te rm in e d  by a  s u b - ro u t in e  c a l le d  STANPAT) o r  
v a r ie s  a c c o rd in g  to  a  u s e r - d e f in e d  p a t t e r n  ( re a d  and  a l lo c a t e d  by SPECPAT)•
The second problem  a l s o  concerns th e  sch o o l u s a g e . A gain i n  C hap ter 2 .6  i t  was 
re c o rd e d  t h a t  c h i ld r e n  o f te n  a r r iv e d  a t  th e  cloakroom  i n  ’p a r t i e s *  o r  ’g ro u p s ’ . 
To t h i s  end an  in p u t d i s t r i b u t i o n  c a l le d  GRPSIZE i s  u se d , g iv in g  p r o b a b i l i t i e s
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f o r  d i f f e r e n t  s i z e  g ro u p s . When one u s e r  a r r i v e s  th e  s i z e  o f  th e  n e x t group 
to  a r r i v e  i s  sam pled f i r s t ,  fo llo w e d  by th e  t im e .  To i d e n t i f y  th e  group 
members, an  a r t i f i c i a l  s e t  c a l le d  WAITING i s  in tro d u c e d , in to  w hich th e s e  u s e r s  
a r e  t r a n s f e r r e d  from  NOTHERE. WAITING th e r e f o r e  c o n ta in s  th o s e  u s e r s  ’ marked 
o u t ’ to  a r r i v e  n e x t .
The o th e r  d i s t r i b u t i o n s  to  be sam pled o ccu r i n  th e  a c t i v i t y  ’ occupy a p p l ia n c e ’ . 
The program  s e l e c t s  th e  f i r s t  u s e r  from  th e  s e t  QUEUING and , p ro v id e d  a  
s u i t a b l e  a p p l ia n c e  i s  v a c a n t,  a l l o c a t e s  him to  i t .  The o c c u p a tio n  tim e  i s  th e n  
sam pled from  th e  a p p r o p r ia te  in p u t  d i s t r i b u t i o n  (eg  OCCTIMEWC)•
I t  w i l l  be n o te d  th a t  no a llo w an ce  i s  made f o r  th e  tim e  sp e n t i n  t r a n s f e r r i n g  
from  one a p p lia n c e  to  a n o th e r .  T h is  was w r i t t e n  i n to  th e  program  a t  one p o in t  
i n  i t s  developm ent, b u t was found  to  make no d i f f e r e n c e  to  th e  r e s u l t s  and was 
th e r e f o r e  d ropped . T here i s  a l s o  no m en tion  o f th e  u se  o f  to w e ls .  T h is  i s  a  
r a t h e r  co m p lica ted  s u b je c t  and m ight in d e e d  have been  u s e f u l l y  m od e lled  i n  
o rd e r  to  d e te rm in e  numbers o f  tow el u n i t s .  However, e x i s t i n g  r e g u la t io n s  
c o n ta in  no m ention  o f them and th e  c o l l e c t i o n  o f  d a ta  on t h e i r  u se  would have 
p re s e n te d  a d d i t io n a l  d i f f i c u l t i e s .  I n  some c irc u m sta n c e s  w here p a p e r  to w e ls  
a re  h e ld  i n  c o n ta in e r s  above each  b a s in ,  th e  u s e r  e x ten d s  h i s  occupancy o f  th e  
b a s in  w h ile  d ry in g  h i s  h an d s . T h is  was in c lu d e d  i n  th e  d i s t r i b u t i o n  f o r  sc h o o ls  
and to  some e x te n t  f o r  o f f i c e s .
A f u r t h e r  f e a tu r e  o f  th e  a c t i v i t y  ’ occupy a p p l ia n c e ’ i s  t h a t  by  s e t t i n g  a n o th e r  
o f  th e  in p u t sw itc h e s  i t  i s  p o s s ib le  to  s e l e c t  ’u r i n a l  o v erflo w  to  WC*• T h is  
means t h a t  any  p o te n t i a l  u r in a l  u s e r  f in d in g  a l l  th e  u r i n a l s  o ccu p ied  can  be 
a s s ig n e d  to  a  v aca n t WC. The o c c u p a tio n  tim e  sam pled from  OCCTIMEUR i s  th e n  
in c re a s e d  by  an  a r b i t r a r y  2 se c o n d s . I t  i s  t r u e  to  sa y  t h a t  f o r  re a s o n s  o f 
p r iv a c y  many male u s e r s  w i l l  choose a  WC i n  any  c a s e .  These u s e r s  w i l l  be 
p ro v id e d  f o r  i n  th e  d a ta  d i s t r i b u t i o n  and  e x p la in  th e  number o f  r e l a t i v e l y  
s h o r t  WC o c c u p a tio n  t im e s .
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The o th e r  a c t i v i t y  n o t d is c u s s e d  so f a r  i s  * v aca te  a p p l ia n c e * . T h is  s im p ly  
- sc a n s  a l l  engaged a p p lia n c e s  f o r  one w ith  an  e x p ire d  o c c u p a tio n  t im e . The 
u s e r  i s  th e n  removed and p la c e d  e i t h e r  i n  NOTHERE o r  i n to  a  second  queue, 
w h ile  th e  a p p l ia n c e  becomes v a c a n t .
The model i s  o p e ra te d  by ru n n in g  th e  program  f o r  a  p re d e te rm in e d  le n g th  o f 
s im u la te d  t im e , o f te n  one h o u r. T h is  ru n  tim e  i s  in p u t a s  d a ta ,  and  a t  th e  
end o f  i t  s e le c te d  in fo rm a tio n  can be o u tp u t ( s e e  b e lo w ). At th e  s t a r t  o f  th e  
f i r s t  ru n  th e  random number s tream s a s s o c ia te d  w ith  each  d i s t r i b u t i o n  
sam p ling  r o u t in e  a r e  i n i t i a l i s e d  by  one in p u t * seed* . B ecause o f  th e  random 
v a r i a t i o n s  i n  th e  r e s u l t s  o b ta in e d  from  one ru n  a s  a g a in s t  th o s e  o f  a n o th e r ,  
a  s e t  o f s e v e r a l  ru n s  i s  n o rm ally  perfo rm ed  and  mean v a lu e s  computed a t  th e  
end . At th e  s t a r t  o f each  ru n  th e  model i s  r e s e t  to  i t s  i n i t i a l  c o n d i t io n s ,  
b u t th e  random numbers co n tin u e  i n  t h e i r  s tream s so  t h a t  d i f f e r e n t  r e s u l t s  
a r e  o b ta in e d .
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Fig.3.5.2 Simplified flow chart of simulation program
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3*4 Output
The model so  f a r  d e s c r ib e d  h as  one im p o rta n t a r e a  la c k in g .  T here i s  no p o in t  
i n  m o d e llin g  a  system  w ith o u t r e c o rd in g  i t s  perfo rm ance  and a  c o n s id e ra b le  
p a r t  o f th e  program  e x i s t s  to  do j u s t  t h i s .  An e x t r a  a c t i v i t y  c a l l e d  CALC AMD 
OUT perfo rm s th e  o u tp u t c a l c u la t io n s  and c o n t ro ls  th e  p r i n t  o u t a t  th e  end o f 
each  ru n . The in fo rm a tio n  a v a i l a b l e  i s  o u t l in e d  below ; some o f  i t  can be 
s u rp re s s e d  i f  d e s i r e d  by  th e  u se  o f  in p u t  s w itc h e s .
(a )  A rray  OUTPLOT
T his  a r r a y  c o n ta in s ,  f o r  each  a r r i v a l ,  v a lu e s  o f  a r r i v a l  t im e , th e  
p r e v a i l in g  mean i n t e r - a r r i v a l  tim e , th e  f i r s t  and second  re q u ire m e n ts  
and th e  w a it in g  tim e  f o r  e a c h . I t  i s  in te n d e d  m a in ly  f o r  developm ent 
checks sind a s  a  means o f m o n ito r in g  d e t a i l e d  r e a c t io n s  to  v a ry in g  
a r r i v a l  p a t t e r n s .
(b ) H istogram s
CSL c o n ta in s  a  co n v en ien t system  f o r  co m p ilin g  h is to g ra m s  d u r in g  a  model 
ru n . T here a r e  two s e t s  o f  th e s e  to  w hich each  u s e r  c o n t r ib u te s  
in fo rm a tio n :
( i )  Q ueuing-tim e f o r  each  a p p lia n c e  ty p e .  T h is  r e c o rd s  th e  le n g th  
o f tim e  a  u s e r  has to  w a it b e fo re  s t a r t i n g  to  u se  sin a p p l ia n c e .
A d i s t i n c t i o n  i s  made betw een u s in g  a  b a s in  a s  a  p r im a ry  u s e ,  
and u s in g  one a f t e r  a n o th e r  ty p e  o f  a p p l ia n c e .  Mean q u eu in g  
tim e s  a re  a l s o  o u tp u t .
( i i )  Queue le n g th  f o r  each  a p p l ia n c e  ty p e .  T h is  r e c o rd s  th e  number o f  
p eo p le  i n  an  a p p lia n c e  queue b e fo re  th e  l a t e s t  a r r i v a l .
(c )  A pp liance  v a c a n t tim e
T h is  re c o rd s  th e  p ro p o r tio n  o f th e  ru n  tim e  f o r  w hich each  a p p l ia n c e  i s  
v a c a n t .  -JQ3
(d ) A p p lian ce  ’a l l  f u l l*
F o r each  ty p e  o f  a p p l ia n c e  th e  p ro p o r t io n  o f th e  ru n  tim e  f o r  w hich a l l  
th e  a p p l ia n c e s  o f t h a t  ty p e  a r e  f u l l  i s  c a lc u la te d  and o u tp u t .  At th e  
end o f  a  s e t  o f  ru n s  th e  mean v a lu e  o f  t h i s  i s  fo und , o u tp u t and com­
p a re d  w ith  an  in p u t optimum v a lu e .  I f  a n o th e r  s e t  o f ru n s  i s  re q u e s te d  
th e  a p p lia n c e  numbers a re  in c re a s e d  o r  d e c re a se d  "by one i n  an  a t te m p t to  
re a c h  t h i s  optimum v a lu e  and th e  s e r i e s  i s  th e n  r e p e a te d ,  u s in g  th e  
same random number s tream s a s  b e f o r e .  P ro v id ed  a  s u i t a b l e  ch o ice  i s  
made o f  th e  i n i t i a l  numbers o f  f i t t i n g s ,  th e  two s e t s  o f  ru n s  p roduce 
p ro p o r tio n s  e i t h e r  s id e  o f  th e  optimum v a lu e .
T h is  l a s t  ite m , th e  ’ a l l  f u l l ’ tim e , r e p r e s e n ts  th e  p r o b a b i l i t y  th a n  an  a r r i v a l  
a t  th e  cloakroom  w i l l  f in d  occu p ied  a l l  th e  a p p l ia n c e s  o f th e  ty p e  he w ish es  to  
u s e .  As w i l l  be d is c u s s e d  l a t e r ,  t h i s  v a lu e  was s e le c te d  a s  th e  d e s ig n  
c r i t e r i o n .
One o th e r  ty p e  o f o u tp u t i s  a v a i l a b l e .  T h is  c o n s is ts  o f  o n e - l in e  comments, 
p r in te d  a s  th e  program  p ro g re s s e s ,  r e c o rd in g  each  change o f  s t a t e .  F o r 
exam ple, when an  a p p lia n c e  becomes o ccu p ied  th e  comment l i n e  re c o rd s  u s e r  
number, a p p l ia n c e  number, th e  tim e  and th e  o c c u p a tio n  tim e . T h is  ty p e  o f  
o u tp u t i s  o b v io u s ly  ex p en siv e  i n  tim e  and p a p e r and i s  o n ly  u sed  f o r  
d ia g n o s t ic  p u rp o ses  and f o r  v e r i f y in g  th e  program  i s  f u n c t io n in g  a s  
in te n d e d .
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3.5 Input
The model needs a  c o n s id e ra b le  amount o f in p u t d a ta  b e fo re  i t  can p ro c e e d . 
T h is  in c lu d e s :
1. The number o f each  ty p e  o f  a p p l ia n c e
2 . O ccu p a tio n -tim e  d i s t r i b u t i o n s  a s s o c ia te d  w ith  each
3 . The mean number o f u s e r s  a r r i v i n g  p e r  5 m inu tes
4 . The a r r i v a l  p a t t e r n ,  i f  a p p l ic a b le
5 . D is t r ib u t io n s  o f  f i r s t  and second  a p p lia n c e  re q u ire m e n ts
6 . A d i s t r i b u t i o n  o f group s i z e
7 . The le n g th  o f ru n
8 . The number o f ru n s
9 . A random number s t a r t e r
10. V arious sw itc h e s
C e r ta in  checks a re  made on t h i s  d a ta  and  any  in c o n s is te n c ie s  cause a  program  
f a u l t .  The d a ta  i s  a l l  p r in t e d  ou t a s  a  re c o rd  to  en su re  t h a t  th e  r i g h t  
r e s u l t s  a re  a s s o c ia te d  w ith  th e  r i g h t  in p u t  c o n d i t io n s .
The model s t a r t s  w ith  th e  cloakroom  em pty, w hich i s  o f te n  th e  case  a t  th e  
b e g in n in g  o f  a  peak p e r io d  o f  u sag e  i n  r e a l  l i f e ,  b u t th e r e  i s  p r o v is io n  f o r  
a  warm-up tim e  d u r in g  w hich no d a ta  i s  re c o rd e d , i f  th e  system  i s  r e q u ir e d  to  
re a c h  o p e ra t io n a l  e q u ilib r iu m  f i r s t .
I n  o rd e r  to  a v o id  su p p ly in g  a l l  th e  o c c u p a tio n  tim e  d i s t r i b u t i o n s  each  tim e  
th e  model i s  u sed , th e s e  have a l l  been  w r i t t e n  to  a  D ire c t  A ccess S to ra g e  
P i l e .  The in p u t need o n ly  th e n  c o n s is t  o f  a  ’ type* code to  r e p r e s e n t ,  f o r  
exam ple, ’ o ff ic e *  o r  *secondary  sc h o o l* , to g e th e r  w ith  a  SEX v a r ia b le  
(1 f o r  m ale, 2 f o r  fem a le , 0 f o r  m ixed ); a  r o u t in e  c a l le d  GfETOCCS th e n  re a d s  
th e  a p p ro p r ia te  d i s t r i b u t i o n s  from  th e  f i l e .
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F u r th e r  d e t a i l s  o f th e  model can  he found  i n  A ppendix B, w hich c o n ta in s  a  
program  l i s t i n g  ( i n  CSL), a  l i s t  o f  v a r ia b le s  and t h e i r  fu n c t io n s  and a  
sam ple o u tp u t p r i n t - o u t .
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3*6 Verification
W ith any com puter s im u la tio n  model th e r e  a re  two ty p e s  o f  t e s t  w hich must 
be c a r r i e d  out b e fo re  i t  can be re g a rd e d  as  a  t r u e  r e p r e s e n ta t io n  o f th e  
r e a l - l i f e  system  i t  p u rp o r ts  t o  m odel. U n less  th e s e  t e s t s  a re  perform ed 
s a t i s f a c t o r i l y ,  no c r e d i b i l i t y  can be a t ta c h e d  t o  any r e s u l t s .
The f i r s t  s e r i e s  o f t e s t s  in v o lv e s  th e  v e r i f i c a t i o n  t h a t  th e  com puter 
program as w r i t t e n  and ru n  on th e  com puter does e x a c t ly  what th e  programmer 
in te n d s .  As f a r  as p o s s ib le  a l l  c o n c e iv a b le  s i t u a t i o n s  must be examined 
to  en su re  t h a t  any c a r e le s s  s e c t io n s  o f  program m ing w hich have unexpec ted  
e f f e c t s  a re  c o r re c te d  o r  rem oved.
To do t h i s ,  th ro u g h o u t th e  developm ent s ta g e  a  c e r t a in  number o f d ia g n o s t ic  
o u tp u t s te p s  were w r i t t e n  in to  th e  model so  t h a t  a t  each  change o f  s t a t e  
o f th e  system  d e t a i l s  w ere p r in te d  o u t .  I t  was th u s  p o s s ib le  t o  t r a c e  th e  
p a th  o f  any u s e r  th ro u g h  th e  cloakroom  and t o  e n su re  t h a t  e v e ry th in g  t h a t  
happened t o  him was in te n d e d  and was n o t some q u irk  o f - th e  program . -In a*model 
o f  t h i s  s i z e  i t  i s  im p o rtan t t h a t  e v e ry  s ta te m e n t i s  ex ec u ted  a t  some s ta g e  
in  th e  t e s t ;  in  p a r t i c u l a r  s ta te m e n ts  w hich a re  d e s ig n e d  t o  cope w ith  
e x c e p tio n a l  c irc u m stan c es  such  as i l l e g a l  d a ta  o r  program  f a u l t s .
I n  t h i s  r e s p e c t  th e  OUTPLOT d a ta  a r r a y  was v e ry  u s e f u l  and i t  was p o s s ib le  
t o  compare th e  d a ta  p re s e n te d  h e re  w ith  t h a t  o b ta in e d  by s u b je c t in g  th e  
same in p u t in fo rm a tio n  t o  a  hand s im u la t io n .  On s e v e r a l  o c c a s io n s  d u r in g  
th e  developm en t, seem ing ly  m inor d is c r e p a n c ie s  re v e a le d ,  a f t e r  a  lo n g  
s e a rc h ,  programming f a u l t s  which would o th e rw ise  have gone u n d e te c te d  
and would have le d  t o  f a l s e  r e s u l t s .
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When a  la rg e  new s e c t io n  o f  th e  model was f i r s t  w r i t t e n  i t  was usually - 
t e s t e d  in  t h i s  way on i t s  own b e fo re  in c o rp o r a t io n  in  th e  m ain program .
In  g e n e ra l any m o d if ic a t io n ,  however m in o r, sh o u ld  be t e s t e d  th o ro u g h ly  
t o  e n su re  t h a t  i t  h a s  no u n fo re s e e n  i n t e r a c t i o n  w ith  o th e r  p a r t s  o f th e  
program .
A f te r  a  lo n g  developm ent c o v e rin g  s e v e r a l  y e a r 's  w ork, c o n fid e n ce  in  th e  
program  was v e ry  h ig h  and sane o f  th e  d ia g n o s t ic s  were removed to  improve 
th e  speed  and perfo rm ance o f  th e  m odel. However, th e r e  i s  a  l im i t  t o  
th e  amount o f  v e r i f i c a t i o n  p o s s ib le  b e fo re  more e f f o r t  i s  expended on 
t h a t  th a n  i s  saved  by u s in g  a  com puter in  th e  f i r s t  p la c e .  I t  i s  a  
b rave  man who a s s e r t s  c a t e g o r ic a l ly  t h a t  u nder some o b scu re  s e t  o f 
c irc u m sta n c e s  h i s  program  w i l l  no t perform  in c o r r e c t l y .
The second c a te g o ry  o f  t e s t s  which must be perfo rm ed  i s  c a l le d  v a l id a t i o n .  
T his in v o lv e s  com paring th e  b e h a v io u r  and r e s u l t s  o f th e  model w ith  th o s e  
o f  th e  r e a l  system  and e n s u r in g  th a t  b o th  th e  lo g ic  and th e  program m ing 
produce a  model w hich r e p r e s e n ts  th e  system  as  f a i t h f u l l y  as i s  r e q u ire d  
in  a l l  r e s p e c t s  and u n d er a l l  c o n d i t io n s .  The v a l id a t i o n  o f t h i s  model 
covered  s e v e r a l  a re a s  most o f w hich r e q u ir e d  th e  u se  o f th e  r e s u l t s .  I t  
w i l l  th e r e f o r e  be covered  in  th e  n ex t C h a p te r .
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4 RESULTS FROM THE MODEL
4.1 V a lid a t io n
The f i r s t  u se  to  which r e s u l t s  from  th e  com puter model were p u t was th e  
v a l id a t i o n  o f th e  m odel. As m entioned  i n  th e  p re v io u s  c h a p te r ,  t h i s  i s  
th e  p ro c e s s  "by which th e  perfo rm ance o f  th e  w hole m odel, t h a t  i s  th e  p ro ­
gram and th e  lo g ic  b eh ind  i t ,  i s  compared w ith  th e  perfo rm ance o f  th e  
system  which i s  b e in g  m o d e lled . I n  t h i s  c a s e ,  t h e r e f o r e ,  i t  was n e c e s s a ry  
to  compare th e  r e s u l t s  w ith  th o se  o b ta in in g  i n  one o f  th e  cloakroom s 
s tu d ie d .
a )  O ff ic e s
The o n ly  o f f i c e  cloakroom s to  have been  m on ito red  i n  s u f f i c i e n t  d e t a i l  
f o r  t h i s  pu rpose were th o s e  in  th e  BRS C e n tra l O ff ic e  B lock . S e v e ra l 
d i f f e r e n t  v a l id a t io n  checks were c a r r i e d  o u t .  The f i r s t  o f  th e s e  in v o lv e d  
co n firm in g  th a t  th e  a r r i v a l  p a t t e r n s  o f  u s e r s  a t  th e  cloakroom  in  th e  
model rep ro d u ced  th o se  in  r e a l  l i f e .  C h ap te r 2 .4  r e p o r t s  t h a t  i n  each 
o f  th e  o f f i c e  b lo c k s  s tu d ie d  th e  a r r i v a l  p a t t e r n  conform ed v e ry  c lo s e ly  
to  a  P o isso n  d i s t r i b u t i o n  and t h i s  was used  i n  th e  model to  g e n e ra te  
a r r i v a l s .  As an example o f  th e  t e s t ,  th e  a r r i v a l s  f o r  m en 's u r i n a l s  
a t  BRS were s tu d ie d  f o r  te n  2 -h o u r p e r io d s  and a  p r o b a b i l i t y  d i s t r i b u t i o n  
o f  th e  number o f a r r i v a l s  p e r  f i v e  m in u tes  was c o n s tru c te d .  The mean 
o f t h i s  was 1.05* Computer ru n s  were th e n  c a r r i e d  o u t in  which th e  mean 
a r r i v a l  r a t e  f o r  u r in a l s  was a r ra n g e d  to  be 1 .05  p e r  f iv e  m in u te s . U sing  
th e  o u tp u t o f  a c tu a l  a r r i v a l  tim es  i n  th e  a r r a y  OUTPLOT i t  was p o s s ib le  
th e n  to  c o n s tru c t  a  s im i la r  d i s t r i b u t i o n  f o r  20 ru n s  o f  one h o u r e ac h .
T his was superim posed on th e  p re v io u s  d i s t r i b u t i o n ,  to g e th e r  w ith  a  
c a lc u la te d  P o isso n  fu n c t io n  o f  th e  same mean. The r e s u l t i n g  g r a p h ic a l  
p lo t  i s  shown in  F ig  4»1«1 and s t a t i s t i c a l  t e s t s  confirm ed  th a t  th e  
agreem ent was v e ry  good.
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U sing th e  same OUTPLOT d a ta  i t  was a  s im p le  m a tte r  to  con firm  th a t  th e  
p ro p o r tio n  o f u s e r s  u t i l i s i n g  each ty p e  o f a p p lia n c e  was e x a c t ly  as 
d e s i r e d .  A f u r t h e r  d ia g n o s t ic  used  in  th e  developm ent s ta g e s  re p o r te d  
th e  o c c u p a tio n  tim e sam pled f o r  each u s e r .  A gain th e  d i s t r i b u t i o n  ach iev ed  
over s e v e ra l  ru n s  o f  th e  model m atched t h a t  o f th e  d a ta  so u rc e .
The most im p o rta n t and i n t e r e s t i n g  t e s t ,  how ever, was th e  com parison  o f 
th e  • a l l - f u l l 1 p r o b a b i l i t i e s .  As w i l l  be e x p la in e d  in  th e  n ex t s e c t io n ,  
t h i s  was th e  m easure o f s e rv ic e  chosen  a s  th e  d e s ig n  c r i t e r i a  and was 
d e te rm in ed  by m easuring  th e  p ro p o r t io n  o f  th e  ru n  tim e f o r  which a l l  a p p l ia n c e s  
o f one type  were o ccu p ied . The v a lu e  o f  t h i s  P ( F u l l )  f o r  each o f tw elve  peak 
2 -h o u r p e r io d s  in  th e  women’ s cloakroom  and f o r  te n  2 -h o u r p e r io d s  in  th e  
men’s was c a lc u la te d  d i r e c t l y  from  th e  p a p e r c h a r ts  by s im p ly  m easu ring  o v er­
la p p in g  p e r io d s .  The model was th e n  s e t  up to  p ro v id e  th e  same a r r i v a l  r a t e s  
and a p p lia n c e  num bers. One te c h n iq u e  w hich was needed h e re  was th e  manipu­
l a t i o n  o f  th e  r e l a t i v e  demand d i s t r i b u t i o n s .  Because th e  program  on ly  
ac c ep ted  in te g e r  v a lu e s  f o r  p r o b a b i l i t i e s  and demand r a t e s ,  i t  was n o t pos­
s ib l e  to  model e x a c t demand r a t e s  on a l l  a p p l ia n c e s  a t  one tim e . The s o lu t io n  
was to  a rra n g e  th e  t o t a l  a r r i v a l  r a t e  and th e  r a t e  f o r  th e  a p p lia n c e  under 
c o n s id e r a t io n  to  g iv e  th e  r e q u ire d  c o n d i t io n ,  a s s ig n in g  th e  rem a in d er o f th e  
a r r i v a l s  to  a n o th e r ,  in d ep en d en t a p p l ia n c e .  F o r exam ple, in  o rd e r  to  ach iev e  
1.05  u r in a l  u s e r s  p e r  5 m in u te s , a  t o t a l  a r r i v a l  r a t e  o f  2 p e r  5 m in u tes  was 
u se d , to g e th e r  w ith  a  r a t i o  o f 105 u r in a l  u s e r s  to  95 WC a n d /o r  b a s in  u s e r s .  
H aving ach iev ed  t h i s  th e  program  was ru n  f o r  th e  same number o f  tim es  and 
th e  ’a l l - f u l l *  p r o b a b i l i t i e s  com pared.
At t h i s  p o in t  a  d isc re p a n c y  re v e a le d  i t s e l f ,  which a lth o u g h  a t  f i r s t  r a t h e r  
a la rm in g , was soon shown to  r e f l e c t  s u b t l e t i e s  in  th e  b e h a v io u r  o f  th e  u s e r s  
which had n o t p re v io u s ly  been n o tic e d  o r  m o d e lled . The observ ed  d i f f e r e n c e s
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were th a t  f o r  each a p p lia n c e  th e  model p r e d ic te d  s l i g h t  b u t s i g n i f i c a n t  
in c re a s e s  in  ’a l l - f u l l '  tim es  over th o se  o b serv ed  in  p r a c t i c e .  I n  a d d i t io n  
th e  ran g e  o f v a lu e s  o b ta in e d  from ru n  to  ru n  was c o n s id e ra b ly  g r e a t e r .
C lo se r  i n v e s t ig a t io n  o f  th e  d a ta  r e v e a le d  t h a t  i f  th e  o c c u p a tio n  tim es  were 
ta k e n  o n ly  from  th e  peak  p e r io d s  in  each  day , th e  mean v a lu e s  were reduced  
s l i g h t l y  in  a l l  c a s e s ,  im p ly in g  th a t  u s e r s  were q u ic k e r  a t  th e se  t im e s .
T his cou ld  e i t h e r  have been  because  th e y  were an x io u s  to  g e t to  lunch  o r  
home o r  b ecause  th e  knowledge th a t  a n o th e r  u s e r  was w a it in g  caused  an 
in c re a s e  in  sp eed . The second f a c t o r ,  and th e  more s i g n i f i c a n t  one , was 
t h a t  th e  model assum es t h a t  u s e r s  a r r iv i n g  a t  th e  cloakroom  and f in d in g  
t h e i r  chosen  a p p lia n c e s  f u l l ,  s ta n d  around and w a it .  I n  p r a c t i c e ,  p e rs o n a l 
e x p e rie n c e  and s u r r e p t i t i o u s  o b s e rv a tio n  h as  shown t h a t ,  e s p e c i a l l y  in  th e  
case  o f  m en 's WCs, t h i s  r a r e l y  h ap pens. The p o te n t i a l  u s e r  e i t h e r  goes 
away and r e tu r n s  l a t e r  o r  v i s i t s  a n o th e r  cloakroom . The e f f e c t  o f  t h i s  
i s  t h a t  in  th e  m odel, once th e  a p p lia n c e s  a re  a l l  f u l l  th e  w a it in g  u s e r  w i l l ,  
when h i s  tu r n  comes, ex ten d  t h i s  p e r io d .  Because o f  th e  d a ta  c o l l e c t i o n  
m ethods, i t  was n o t p o s s ib le  to  e s t a b l i s h  how many u s e r s  e n te re d  th e  c lo a k ­
room and l e f t  w ith o u t u s in g  an a p p l ia n c e .  However, th e  model was m o d ified  
so th a t  an a r r i v a l  f in d in g  an ' a l l —f u l l '  s i t u a t i o n  im m ed ia te ly  l e f t  th e  
sy stem . In  a d d i t io n  th e  o c c u p a tio n  tim e d i s t r i b u t i o n s  were amended to  
c o in c id e  w ith  th o s e  o b served  in  th e  peak  p e r io d s .  The r e s u l t i n g  program  
ru n s  produced v a lu e s  f o r  P (F u l l )  w hich were v e ry  much c lo s e r  to  th o se  
observed  and in  f a c t  were w ith in  th e  l i m i t s  o f  e x p e rim e n ta l v a r i a b i l i t y .
T his confirm ed  th a t  th e  model d id  in  f a c t  rep ro d u ce  a c c u r a te ly  th e  c lo a k ­
room system . However, th e  q u e s tio n  th e n  a ro s e  as  to  w hether to  le a v e  th e  
model in  i t s  m o d ified  form  f o r  th e  rem a in d er o f  th e  e x e r c i s e .  The d e c i s io n  
was ta k e n  to  r e v e r t  to  th e  o r ig in a l  o c c u p a tio n  tim e d i s t r i b u t i o n s  and to  
a llo w  w a it in g . The p h ilo so p h y  beh ind  t h i s  was t h a t  th e  red u ced  o c c u p a tio n s
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were a  r e s u l t  o f  th e  system  a l t e r i n g  th e  p a t t e r n  o f  b eh av io u r which th e  
u s e r  would n o rm a lly  have e x h ib i te d .  I f  i t  i s  th e  in t e n t i o n  o f  th e  e x e rc is e  
to  d e te rm in e  le v e l s  o f  p ro v is io n  w hich g iv e  a  c e r t a i n  s ta n d a rd  o f  s a t i s ­
f a c t io n  to  th e  u s e r ,  th e n  th e y  sh o u ld  be b ased  on u n c o n s tra in e d  b e h a v io u r , 
n o t on t h a t  in f lu e n c e d  by th e  c o n s t r a in t s  o f  th e  sy stem .
T his p a r t i c u l a r  a s p e c t  was one in  which th e  u se  o f  a  s im u la tio n  model 
p ro v id e d  a  means o f e s t a b l i s h in g  th e  more d e t a i l e d  a s p e c ts  o f th e  i n t e r ­
a c t io n s  o f  th e  com ponents o f  th e  system  u n d er s tu d y . I t  i s  v e ry  l i k e l y  t h a t  
th e  r e s id u a l  d is c re p a n c y  was caused  by th e  f a c t  th a t  in  a  r e a l  cloakroom  
th e  a c tu a l  o c c u p a tio n  tim e and g e n e ra l p a t t e r n  o f  b e h a v io u r o f each u s e r  
i s  in f lu e n c e d  c o n s id e ra b ly  by th o se  abou t him . Such in t e r a c t io n s  a re  w e ll 
n ig h  im p o ss ib le  to  s im u la te  and t h i s  i s  th e  p o in t  a t  w hich an a tte m p t to  
model human b e h a v io u r b re a k s  down. P eop le  a re  n o t w ho lly  p r e d ic ta b le  and 
a lth o u g h  ta k in g  v a r io u s  d i s t r i b u t i o n s  can e x p la in  much o f  t h e i r  b e h a v io u r 
th e  in d iv id u a l  r e a c t io n s  a re  n o t random and can have a  s i g n i f i c a n t  e f f e c t  
on th e  r e s u l t s .
I
D e sp ite  th e se  l i m i t a t i o n s ,  how ever, i t  was f e l t  t h a t  th e  o f f i c e  cloakroom  
model came th ro u g h  i t s  v a l i d i t y  checks w e ll and th e r e f o r e  th e  r e s u l t s  
could  be used  w ith  c o n fid e n c e .
b ) Schools
In  sc h o o ls  th e  main problem  was to  e s t a b l i s h  t h a t  th e  more co m p lica ted  
a r r i v a l  g e n e ra to r  worked s a t i s f a c t o r i l y .  I t  w i l l  be r e c a l l e d  t h a t  a  
s i g n i f i c a n t  number o f  c h i ld re n  e n te re d  th e  cloakroom s in  groups and th a t  
a  r o u t in e  was w r i t t e n  in to  th e  model to  a llo w  f o r  t h i s .  In  f a c t  a t  
S t Andrews s c h o o l, f o r  exam ple, i f  th e  p r o b a b i l i t y  d i s t r i b u t i o n  o f  th e  
number o f  a r r i v a l s  p e r  5 m inu tes was compared w ith  a  P o is so n  fu n c t io n  o f
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th e  same mean, a  s i g n i f i c a n t  d is c re p a n c y  was o b se rv ed . I f ,  in s te a d ,  th e  
number o f group a r r i v a l s  was u sed  th e  agreem ent became good. I t  was 
th e r e f o r e  e v id e n t t h a t  th e  g ro u p s , o f  one o r  more c h i ld r e n ,  were a r r i v i n g  
in d e p e n d e n tly , b u t th e  in d iv id u a ls  were n o t .  Superim posed on t h i s  was th e  
v a r i a t i o n  o f  th e  mean a r r i v a l  r a t e  d u r in g  th e  20-m inute b reak  p e r io d .
U sing  one o f  th e  more dem anding sc h o o ls  a s  a  d a ta -b a s e ,  program  ru n s  were 
conducted  u s in g  v a r io u s  p a t t e r n s  o f demand r a t e  and d i s t r i b u t i o n s  o f group 
s iz e  u n t i l  th e  com bination  p ro d u c in g  th e  b e s t  f i t  was e s ta b l i s h e d .  I t  was 
in  f a c t  a s  a  r e s u l t  o f th e s e  t e s t s  t h a t  th e  p a t t e r n s  d e s c r ib e d  in  C hap ter 2 .6  
were e s ta b l i s h e d .
In  a d d i t io n  to  th e se  t e s t s ,  v a lu e s  o f  P ( P u l l )  were compared w ith  v a lu e s  
o b ta in e d  d i r e c t l y  from  some o f th e  f i lm s ,  w ith  p e r f e c t ly  s a t i s f a c t o r y  
r e s u l t s .
As a  b y -p ro d u c t o f th e  v a l id a t io n  t e s t s  f o r  bo th  o f f i c e s  and s c h o o ls ,  two 
o th e r  u s e fu l  p ie c e s  o f  in fo rm a tio n  were o b ta in e d . I n  th e  f i r s t  p la c e ,  th e  
number o f  ru n s  o f th e  model in  a  g iv e n  c o n f ig u ra t io n  needed to  p roduce a  
s a t i s f a c t o r y  mean v a lu e  o f P (F u ll)  was d e te rm in e d  a s  20 f o r  o f f i c e s  and 40 
f o r  s c h o o ls .  T h is was th e  number o f  ru n s  a t  which th e  cu m u la tiv e  mean f o r  
th e  most v a r ia b le  case  ( in  each case  m ale WCs) changed by no more th a n  2$ 
a f t e r  one e x t r a  ru n . The re a so n  f o r  th e  h ig h e r  number n e c e s s a ry  f o r  s c h o o ls  
was p a r t l y  th e  s h o r te r  m odelled  p e r io d  (20 m inu tes in s te a d  o f  1 h o u r)  and 
p a r t l y  th e  in c re a s e d  v a r i a b i l i t y  o f  demand in tro d u c e d  by th e  e x t r a  a r r i v a l  
v a r i a b le s .
The second p ie c e  o f  in fo rm a tio n  was t h a t ,  p e rh ap s  p r e d ic ta b ly ,  th e  le n g th  
o f  tim e f o r  which a l l  a p p lia n c e s  o f  one ty p e  rem ained  o ccu p ied  h a v in g
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"become so , co rresp o n d ed  to  th e  mean o c c u p a tio n  tim e d iv id e d  by th e  number 
o f a p p l ia n c e s ,
4 .2  A ssessm ent c r i t e r i a
There a re  s e v e ra l  c r i t e r i a  w hich m ight be employed to  a s s e s s  th e  s ta n d a rd  
o f  s e r v ic e  p ro v id ed  by a  cloakroom . The maximum tim e t h a t  any u s e r  h as  to  
w a it m ig h t, f o r  exam ple, be u sed  a s  a  m easure o f  s e r v ic e .  The d e c is io n  
to  u se  any p a r t i c u l a r  c r i t e r i o n  must in e v i ta b ly  be somewhat a r b i t r a r y .
As e x p la in e d  in  C hap ters  3*4 and 4»1f th e  m easure u sed  i n  t h i s  s tu d y  was 
th e  p r o b a b i l i t y  o f  h a v in g  to  w a it b e fo re  b e in g  a b le  to  u se  th e  a p p lia n c e  
d e s i r e d .  In  o th e r  words t h i s  i s  th e  p r o b a b i l i t y  t h a t  a  u s e r  a r r i v i n g  a t  
th e  cloakroom  f in d s  f u l l  a l l  th e  a p p l ia n c e s  o f th e  ty p e  he w ish es  to  u s e .
T his a g a in  i s  g iv e n  by th e  p ro p o r t io n  o f  th e  tim e u n d er c o n s id e r a t io n  ( in  
t h i s  ca se  one h o u r f o r  o f f i c e s  and tw en ty  m inu tes f o r  s c h o o ls )  f o r  w hich 
a l l  th e  a p p l ia n c e s  a re  f u l l .  T his p r o b a b i l i t y  h as  been  g iv e n  th e  name 
P ( P u l l ) .
The main re a s o n  f o r  ch o o sin g  t h i s  c r i t e r i o n  i s  t h a t  i t  r e p r e s e n t s  a  d i r e c t  
m easure o f  th e  s ta n d a rd  o f s e rv ic e  a s  seen  by th e  u s e r .  E»y c o n t r a s t ,  th e  
p r o b a b i l i t y  t h a t  a  queue form s o r  m easures o f  queue le n g th s  and q u eu e in g  
tim es  a re  r e l a t e d  more to  th e  system  th a n  to  th e  u s e r .  S in ce  i t  was en v isa g e d  
th a t  any p ro p o s a ls  r e s u l t i n g  from  t h i s  work would have to  be p re s e n te d  to  
p eo p le  who m ight n o t have any i n t e r e s t  i n  s t a t i s t i c a l  te c h n iq u e s ,  i t  was 
f e l t  t h a t  th e  ad o p ted  approach  would be more r e a d i ly  a c c e p ta b le .
The v a lu e  o f  P ( P u l l )  to  be used  a s  a  d e s ig n  l e v e l  i s  a g a in  somewhat a r b i t r a r y .  
One o f  th e  problem s i n  t r y i n g  to  e s t a b l i s h  'c o r r e c t*  l e v e l s  f o r  any b u i ld in g
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s e rv ic e  i s  t h a t  o f d e f in in g  what a  's a t i s f a c to r y *  s e rv ic e  i s  as  f a r  a s  th e  
u s e r  i s  co n ce rn ed . P eop le  become accustom ed to  w hatever s ta n d a rd s  th e y  
r e g u la r ly  e x p e r ie n c e , a t  l e a s t  above a  c e r t a i n  u n a c c e p ta b le  minimum. I f  
asked  to  th in k  abou t i t ,  how ever, th e  ten d en cy  i s  f o r  im provem ents to  be 
so u g h t. S u b je c tiv e  judgm ents i n  th e s e  a re a s  a re  r a r e l y  c l e a r  c u t .  O b je c tiv e  
m easures o f  s a t i s f a c t i o n  on th e  o th e r  hand a re  ex tre m ely  h a rd  to  o b ta in .
The o n ly  i n d i c a t io n  f o r  cloakroom  p ro v is io n ,  f o r  exam ple, i s  p ro v id e d  in  
a  s i t u a t i o n  where th e  num bers o f  a p p l ia n c e s  a re  s u f f i c i e n t l y  low f o r  th e r e  
to  be c o m p la in ts ; e i t h e r  v o ic ed  o r  im p lie d  in  b eh av io u r such a s  g o in g  to  
o th e r  c loakroom s. The le v e l  o f p r o v is io n  can th e n  w ith  c e r t a in t y  be 
d e s c r ib e d  as  in a d e q u a te , b u t by how much i t  needs to  be in c re a s e d  i s  s t i l l  
u n c e r t a in .
In  t h i s  s tu d y  i t  was d ec id ed  i n i t i a l l y  to  adop t a  v a lu e  f o r  P ( F u l l )  o f  0 .01 
a s  th e  p r o b a b i l i t y  which sh o u ld  n o t be exceeded  in  any g iv e n  c o n f ig u r a t io n  
o f  s a n i t a r y  a p p lia n c e s  and u s in g  p o p u la t io n .  In  o th e r  words a  u s e r  a r r i v i n g  
a t  th e  cloakroom  d u r in g  th e  peak  p e r io d  sh o u ld  f in d  a l l  th e  a p p l ia n c e s  
f u l l  on no more th a n  one v i s i t  i n  a  h u n d red . U sing t h i s  c r i t e r i o n  s c a le s  
o f p ro v is io n  cou ld  be fo rm u la te d  and compared w ith  e x i s t i n g  c o n d i t io n s  to  
see  i f  th e  l e v e l  was j u s t i f i e d .  I f  n o t th e  d e s ig n  v a lu e  co u ld  be a d ju s te d  
a c c o rd in g ly  and th e  s c a le s  r e s e t .  D uring  th e  v a l id a t i o n  t e s t s  f o r  o f f i c e s  
a  c e r t a in  amount o f g u idance  on t h i s  was o b ta in e d . A ccord ing  to  s e v e r a l  
fem ale  members o f  th e  o f f i c e  s t a f f  i n  th e  BRS C e n tra l B lock , th e  t o i l e t s  
were q u i te  o f te n  f u l l  a t  peak tim es  so t h a t  th e y  e i t h e r  had  to  u se  th e  
o th e r  cloakroom  in  th e  b u i ld in g  (up o r down two f l o o r s )  o r  w a i t .  The l e v e l  
o f  co m p la in ts  was n o t e x c e s s iv e  b u t s u f f i c i e n t  to  in d ic a te  t h a t  p r o v is io n  
f o r  women was r a th e r  low er th a n  a  s a t i s f a c t o r y  s ta n d a rd  would r e q u i r e .  D uring  
th e  v a l id a t io n  t e s t s ,  th e  v a lu e  o f  P (F u l l )  a t  peak  p e r io d s  was found  to  
av e rag e  abou t 3%» so t h a t  a  d e s ig n  v a lu e  o f  was o b v io u s ly  o f  th e  r i g h t  
o rd e r .
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As describ ed , in  C hapter 3*4» th e  model was d e s ig n e d  to  p ro v id e  mean v a lu e s  
o f  P ( F u l l )  f o r  v a r io u s  a p p lia n c e  numbers a t  a  g iv e n  u s e r  demand r a t e .  I n  
g e n e ra l two s e t s  were u sed  to  p roduce v a lu e s  o f  P (P u ll)  e i t h e r  s id e  o f  th e  
in p u t v a lu e  — in  t h i s  ca se  1$. T h is was re p e a te d  f o r  a  ran g e  o f  demand 
r a t e s  and th e  r e s u l t i n g  p a i r s  o f  p r o b a b i l i t i e s  f o r  one exam ple a re  ta b u la te d  
in  Table 4*2.1 and shown p lo t t e d  i n  P ig  4 * 2 .1 . The p r o b a b i l i t i e s  behaved a s  
p r e d ic te d  in  t h a t  f o r  any number o f  a p p l ia n c e s ,  P (P u l l )  in c re a s e d  w ith  
in c r e a s in g  demand. As th e  number o f a p p l ia n c e s  was in c re a s e d , how ever, th e  
s lo p e  o f  th e  cu rv es  f l a t t e n e d  o u t c o n s id e ra b ly , le n d in g  su p p o rt to  th e  
n o n - l i n e a r i t y  d is c u s s e d  in  C hap ter 1 .1 .
U sing  th e s e  cu rv es  i t  was a  s t r a ig h tfo rw a rd  m a tte r  to  d e te rm in e  th e  number o f  
a p p l ia n c e s  r e q u ir e d  f o r  a  g iv e n  demand r a t e  by d raw ing  a  h o r iz o n ta l  c u t - o f f  
l i n e  a t  th e  1 p r o b a b i l i t y  l e v e l .  The p o in ts  where th e  cu rv es  c ro s s e d  t h i s  
l i n e  marked th e  t r a n s i t i o n  from  one to  two WCs and so on. U sing  th e  p r e v io u s ly  
d e te rm in ed  r e l a t i o n s h ip  betw een mean peak demand and p o p u la t io n ,  th e  h o r iz o n ta l  
a x is  cou ld  be r e l a b e l l e d  i n  te rm s o f  th e  number o f p eo p le  se rv e d  by th e  
cloakroom .
However, one problem  soon became a p p a re n t .  In  cloakroom s w ith  o n ly  one 
a p p lia n c e  o f  a  ty p e , even  a t  v e ry  low demand r a t e s ,  th e  p r o b a b i l i t y  o f  
f in d in g  i t  f u l l  rem ained  c o n s id e ra b ly  g r e a t e r  th a n  1$, and th e r e f o r e  two 
a p p lia n c e s  were in d ic a te d .  However th e  chance o f  a n o th e r  u s e r  e n t e r in g  th e  
cloakroom  w h ile  i t  was f u l l  was v e ry  low and th e re  seems no re a s o n  why 
one a p p lia n c e  sh o u ld  n o t be s u f f i c i e n t  f o r  a  few  p e o p le . I n  o rd e r  to  cope 
w ith  t h i s  s i t u a t i o n  a  supp lem en tary  c r i t e r i o n  was d e v is e d , b ased  on th e  
p r o b a b i l i t y  t h a t  one o r  more u s e r s  a r r iv e  w h ile  a l l  th e  a p p l ia n c e s  a re  f u l l .
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This is given by the cumulative version of the Poisson formula
oo
P (T ) . £  e- » vn=1
where P(t ) is the probability of one or more arrivals in time T with a 
mean rate of arrivals per unit time of m. The period T is taken to be the 
time during the peak period modelled in which all the appliances of a 
given type are full and is found by summing all the ♦all-full* periods 
during this time. Since the arrivals in any one time interval are 
independent of events in any other and the arrivals follow a Poisson 
distribution, it can be shown that the summation is a valid method of 
finding P(T) (see Appendix C).
P(T) is therefore the probability that a queue forms at some time during 
the peak period modelled, and the supplementary criterion chosen was the 
product of this and P(Pull), calledP(q). This value was then calculated 
and plotted with p(Pull) for all appliance types.
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A r r iv a l  
r a t e  p e r  
5 min
Number 
o f  WCs
P (F u l l )
1 o
Number 
o f  WCs
P ( F u l l )
%
0 .2 1 4 .0 — -
0 .3 1 7 .5 2 0 .2
0 .6 1 14.0 2 0 .9
1 .0 2 2 .4 3 0 .2
2 .0 3 1 .9 4 0 .2
3 .0 3 4 .8 4 1 .0
4 .0 4 1 .3 5 0 .3
5 .0 4 2 .2 5 0 .5
6 .0 5 1 .6 6 0 .5
7 .0 5 1 .6 6 0 .7
8 .0 6 1 .4 7 0 .3
9 .0 6 2 .0 7 0 .5
TABLE 4 .2 .1  EXAMPLE OP RESULTS FROM MODEL
P r o b a b i l i ty  P (P u l l)  f o r  v a r io u s  demand r a t e s  and 
a p p l ia n c e  numbers f o r  fem ale  WCs.
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4*3 P roposed  s c a le s  o f  p r o v is io n  f o r  o f f i c e s
I n  th e  F ig s  4*3.1 and 4*3*2 th e  r e s u l t s  f o r  o f f i c e  accom m odation a re  
re p ro d u c e d . I t  was d ec id ed  t h a t  when o n ly  one a p p lia n c e  was h e in g  
c o n s id e re d , P (q ) would be l im i t e d  to  1 $ , r a t h e r  th a n  P ( F u l l ) .  I n  t h i s  
way s c a le s  o f  p ro v is io n  f o r  o f f i c e s  were g e n e ra te d , a s  shown i n  T able 4*3*1* 
I t  w i l l  be n o te d  th a t  v a lu e s  a re  g iv e n  f o r  men’ s WCs where no u r i n a l s  a re  
p r e s e n t .  These were d e te rm in ed  by co n d u c tin g  ru n s  o f  th e  model w ith o u t 
u r i n a l s .  When u r in a l s  were in c lu d e d , how ever, th e  o p tio n  to  t r a n s f e r  
u r in a l  u s e r s  to  WCs i f  a l l  u r i n a l s  were o ccu p ied  was n o t u sed ; t h i s  le d  
to  s l i g h t l y  h ig h e r  number o f u r i n a l s  b u t i t  was f e l t  t h a t  i f  u r in a l s  a re  
p r e s e n t  a t  a l l ,  th e y  ought to  be a b le  to  cope w ith  th e  demand f o r  them .
The s c a le s  shown in  th e  T able show in c re m en ts  i n  th e  number o f  a p p l ia n c e s  
a t  p o p u la tio n  v a lu e s  which a re  m u l t ip le s  o f  5 or  10. In  f a c t ,  o f  c o u rs e , 
th e  a c tu a l  p o in ts  a t  which th e  p r o b a b i l i t y  cu rv es  c u t th e  1% l i n e  were n o t 
so o b l ig in g ;  b u t th e  in c rem en t p o in t s  have been rounded up o r  down f o r  
conven ience o f  a p p l ic a t io n .
In  F ig s  4*3*3 to  4*3*8 th e  o f f ic e  s c a le s  a re  shown g r a p h ic a l ly ,  to g e th e r  
w ith  th o se  s p e c i f i e d  i n  th e  B r i t i s h  S ta n d a rd  Code o f  P r a c t i c e  (4)*  I t  
w i l l  be seen  t h a t  i n  g e n e ra l th e  p rop o sed  s c a le s  a re  s l i g h t l y  more generous 
a t  th e  low er end o f  th e  s c a le ,  b u t t h a t  f o r  l a r g e r  cloakroom s s a v in g s  can 
be made. The number o f  w ashbasins can be d r a m a tic a l ly  red u ce d  w ith o u t 
a f f e c t i n g  th e  q u a l i ty  o f th e  s e rv ic e  p ro v id e d .
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A p p lian ce
Male Female
P o p u la t io n Numberr e q u ir e d P o p u la tio n
Number
re q u ire d
WC
(No u r i n a l s  p ro v id e d )
1 -  5 
6 - 2 5  
26 -  50 
51 -  75 
76 -  100 
> 100
1
2
3
4
5
add 1 p e r  25
1 -  10 
1 1 - 2 5  
26 -  50 
51 -  100 
> 100
1
2
3
4
add 1 p e r  50
WC
(U rin a ls  a l s o  p ro v id e d )
6 - 1 0  
1 1 - 3 0  
31 -  60 
61 -  100 
> 100
1
2
3
4
add 1 p e r  50
U rin a l
(WCs a l s o  p ro v id ed )
1 -  5 
6 - 1 5  
16 -  60 
61 -  120 
> 120
0
1
2
3
add 1 p e r  100
W ash-basin
1 -  20 
21 -  90 
> 9 0
1
2
add 1 p e r  150
1 -  15 
16 -  80 
> 8 0
1
2
add 1 p e r  150
TABLE 4 .3 .1  PROPOSED SCALES OF PROVISION
Minimum number o f  a p p lia n c e s  r e q u ir e d  i n  a s in g le  cloakroom  s e rv in g  
a  g iv e n  p o p u la t io n .
PRofc. %
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W.C.'s
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Fig 4 .3 .3  Men's W.C.'s (No urinals provided)
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Fig4.3 .4  Men's W.C.'s (Urinals provided)
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0 10 20 30  4 0  50  60  70 80  90  100 110 120 130 140
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Fig4.3.5 Men's urinals (W.C.s provided)
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4 .4  Scales for Schools
The situation for schools was rather more complicated. Having used the 
1$ criterion to establish provision scales, it was found that in certain 
circumstances, these required more appliances than existing regulations. 
Since the evidence obtained from head teachers* comments during the survey 
had led to the belief that fewer appliances could be employed, the criterion 
had to be reexamined. The discrepancy was in part caused by the fact that 
although existing codes and regulations stipulate numbers of appliances 
per head of population, this latter figure is apparently regarded by 
designers and architects as relating to the total school population. The 
distribution of these appliances is left to the architect’s discretion.
The disadvantage with this procedure is that one large cloakroom can deal 
with proportionately more users than several smaller ones, because of 
the non-linearity of the scales. As a result, a large cloakroom will give 
a better standard of service with a given number of appliances than if 
these are scattered around the building. This problem will be dealt with 
in more detail later.
As a first step to relating the predicted scales with those used in 
practice, simulation runs of some of the monitored schools were performed. 
The demand rates and occupation times observed in practice were applied to 
the existing numbers of appliances in order to find out what values of 
P(Pull) resulted.
One school studied in this way was St Andrew *s at Hit chin and in particular 
the Infants accommodation was modelled. This revealed that different 
results could be obtained depending on how the system was viewed. It may
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be r e c a l l e d  t h a t  th e  120 in f a n t s  were se rv e d  by th r e e  s e t s  o f 2 WCs and 
2 b as in s*  I f  th e se  w ere am algam ated to  form  one * cloakroom* o f 6 WCs and 
b a s in s  s e rv in g  a l l  120, th e  mean P ( F u l l )  v a lu e  tu rn e d  o u t to  be 0*3$.
On th e  o th e r  hand , th e  th r e e  c l a s s e s  o f  40 cou ld  each be re g a rd e d  a s  b e in g  
se rv ed  by th e  n e a r e s t  s e t .  I n  t h i s  case  a  p o p u la tio n  o f  40 u s in g  2 WCs 
and 2 b a s in s  p roduced  a  P ( P u l l )  v a lu e  o f  9$ w ith  c o rre sp o n d in g ly  h ig h e r  
numbers o f  u s e r s  who had  to  w a it and h ig h e r  w a it in g  t im e s .
I f  a l l  th e  in f a n t s  a re  re g a rd e d  a s  b e in g  lumped to g e th e r ,  th e n  some acco u n t 
must be ta k e n  o f  th e  f a c t  t h a t  a lth o u g h  th e r e  i s  n e a r ly  alw ays a  v a c a n t 
a p p l ia n c e ,  i t  w i l l  n o t n e c e s s a r i ly  be in  th e  s e t  to  w hich th e  u s e r  f i r s t  
g o es . A m o d ified  v e r s io n  o f  th e  program  was th e r e f o r e  d ev eloped  i n  w hich 
u s e r s  went a t  random to  one o f  th e  s e t s .  I f  a l l  a p p lia n c e s  th e re  were 
o ccu p ied , he o r  she was assum ed to  w alk to  one o f  th e  o th e r s ,  ta k in g  10 o r  
15 seconds to  do s o . T his tim e was th e n  acco u n ted  a  * w a itin g  tim e* . The 
r e s u l t s  showed th a t  th e  number w a it in g  (o r  w alk in g ) ro s e  from  0 .05  p e r  
20 m inu tes to  abou t 3 , w h ile  th e  mean w a it in g  tim e in c re a s e d  from  0 .2  
to  14 seco n d s . Thus a lth o u g h  th e  v a lu e  o f p ( P u l l )  o v e r a l l  rem ained  low 
th e  s e rv ic e  was n o t a  p a r t i c u l a r l y  good one. The e f f e c t  was r e p e a te d  
when th e  Lower J u n io r  S e c t io n  was m o d e lled . Here two c la s s e s  o f  40 
were se rv e d  by two s e t s  o f  a p p l ia n c e s .  When c o n s id e r in g  them a s  one 
cloakroom  a  P (P u l l )  o f  1 . 5$  was o b ta in e d , w h ile  i n  th e  s e p a ra te d  ca se  th e  
v a lu e  ro s e  to
I t  was d ec id ed  t h a t  a s  i t  would be im p o ss ib le  to  a llo w  f o r  w a lk in g  tim es  
in  th e  g e n e ra l c a se , th e  d e s ig n  sh o u ld  r e s t  w ith  one in d iv id u a l  cloakroom , 
however s m a ll ,  s e rv in g  a  c e r t a i n  p o p u la tio n  o r  p ro p o r t io n  o f  th e  t o t a l  
p o p u la tio n . The l i m i t i n g  v a lu e  o f P (P u l l )  was in c re a s e d  to  5% how ever,
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in line with these results. In order to maintain a uniform standard of service 
this was then applied throughout the range of school accommodation.
A cco rd in g ly  th e  s im u la tio n  e x e r c is e  was r e p e a te d  a im ing  a t  a  v a lu e  o f  5$  
f o r  p ( F u l l )  and g rap h s o f  th e  p r o b a b i l i t y  f o r  v a r io u s  demand v a lu e s  were 
p lo t t e d .  As w ith  o f f i c e s  th e  v a lu e  o f  P (q )  was a ls o  o b ta in e d . I t  was 
n e c e ss a ry  to  p e rfo rm  s e v e ra l  s e t s  o f  ru n s  f o r  each ty p e  o f  u s e r ,  ra n g in g  
from  in f a n t s  to  Secondary l e v e l  and two o f  th e s e  a re  shown in  P ig s  4*4*1 — 2. 
The r e s u l t i n g  s c a le s  a re  shown i n  T able 4*4*1*' T his om its  v a lu e s  f o r  Mixed 
J u n io r  accom m odation, how ever, becau se  th e  D epartm ent o f  E d u c a tio n  and S c ien ce  
f e l t  t h a t  no such  p r o v is io n  i s  l i k e l y  to  be p ro v id e d  i n  th e  f u tu r e .
Similarly, the maximum population per cloakroom are those which the DES feel 
should be the limits for any one cloakroom in the different school types.
This procedure has therefore produced a series of scales for the number 
of appliances which should be provided in a single cloakroom to serve a given 
population. This means that any one cloakroom should provide a consistent 
standard of service to its users, assuming the population is estimated 
correctly. This last point may well cause problems with modern multi- 
building schools, but the populationsmust be estimated for other purposes 
so are presumably available at the design stage.
The idea of determining numbers of appliances per cloakroom rather than per 
school leads to the results that the total number of appliances provided 
will depend on the total number of cloakrooms. This is illustrated in 
Figs 4*4*3 and 4*4*4* I n first case a Primary School containing 120 
boys and 120 girls, all of the junior age range, was considered. The 
present regulations require 20 WCs and urinals and 20 basins. The
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accommodation was then assumed to he spread over 2, 3f 4 and 5 separate 
cloakrooms for each sex. By applying the scales obtained from the model 
to each of these situations, the proposed numbers of appliances were 
obtained. These are plotted in the Figure.. It can be seen that although 
2 cloakrooms per sex produce a substantial saving in the number of toilet 
fittings, 3 or more require the same or higher numbers than the regulations. 
For basins, however, the savings are much more pronounced and only at 5 cloak­
rooms do the numbers coincide.
Fig 4 .4 .4  shows the result of applying the same techniques to a Secondary 
School of 1000 pupils, evenly split between sexes. Here again the total 
number of basins is always less than the present regulations require, right 
down to the smallest local cloakrooms. The proposed toilet numbers remain 
mostly below the regulations until more than 11 cloakrooms per sex are 
proposed.
The savings in numbers of appliances will obviously influence the designer 
to some extent and will tend to offset the current trend of locating many
small cloakrooms around the school site. However, if these proposals are
adopted, it will at least mean that each cloakroom provides the same
standard of service as any other.
As further examples of this effect, Figs 4.4*5 and 4*4.6 compare the 
regulations with the proposed scales applied to different numbers of 
cloakrooms throughout the range of school sizes. In the first Figure, 
this is done for WCs in a Junior Girls* School, applying a cut-off of a 
maximum of 120 girls served by single cloakrooms. In the second Figure,
WCs and urinals in a Boys* Secondary School are considered, applying a cut­
off of 150 in this case.
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WC Urinal Wash basin
Population Ho Population No Population No
1- 10 1 1- 10 1
11- 40 2 11- 40 2
Infants 4 1 - 70 3 4 1 -  70 3
71-120 4 71-120 4
1- 10 2 1- 10 1
Junior 11- 40 2 11- 40 2
Girls 4 1 - 80 3 4 1 -  90 3
81-120 4 91-120 4
1- 50 1 1- 5 0 1- 10 1
Junior 51-120 2 6 -  20 1 11- 40 2
Boys 2 1 - 60 2 4 1 - 90 3
61-120 3 91-120 4
1- 10 1 1- 20 1
11- 25 2 2 1 - 70 2
Secondary 2 6 - 50 3 71-150 3
Girls 51-  80 4
81-110 5
111-150 6
1- 50 1 1- 5 0 1- 20 1
Secondary 51-150 2 6 -  20 1 2 1 - 75 2
Boys 2 1 - 70 2 76-150 3
71-150 3
TABLE 4 .4 -1  PROPOSED SCALES FOR SCHOOLS
Minimum number of appliances to be provided in a single 
cloakroom serving a given population.
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Fig. tf.kZ Comparison of scales for a primary school.
Assuming a population o f 120 boys, 120 girls — all juniors
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Assuming a population of 500 girls, 500 boys
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5 demand for  water
5*1 In t r o d u c t io n
As a  n a t u r a l  e x te n s io n -o f  th e  work d e s c r ib e d  so f a r ,  i t  was o r i g i n a l l y  
in te n d e d  th a t  th e  scope o f  th e  s im u la tio n  program  sh o u ld  be in c re a s e d  to  
model th e  flo w  o f w a te r  to  each  a p p lia n c e  i n  th e  cloakroom . From t h i s  
i t  would be p o s s ib le  to  p r e d ic t  th e  t o t a l  w a te r  req u ire m e n t f o r  a  g iv e n  
c o n f ig u ra t io n  o f  a p p l ia n c e s  and demand r a t e .  I t  sh o u ld  i n  th e o ry  th e n  be 
p o s s ib le  to  r e l a t e  d e s ig n  flo w  r a t e s  f o r  su p p ly  p ip e s  d i r e c t l y  to  th e  
p o p u la t io n  se rv e d  by th e  cloakroom . T his seems a t  f i r s t  s ig h t  a  f a r  more 
lo g i c a l  approach  th a n  th a t  c u r r e n t ly  a d o p te d , whereby a  system  o f  f i x t u r e  
u n i t s  i s  a p p l ie d  to  th e  numbers o f  a p p l ia n c e s  i n  o rd e r  to  c a l c u la te  th e  
s iz e s  o f  th e  p ip e s  r e q u ir e d  to  s e r v ic e  them . I f  o v e r -p ro v is io n  o f  a p p l ia n c e s  
h as  o c c u rre d , o v e r s iz in g  o f  p ip e s  a u to m a tic a l ly  fo llo w s  when u s in g  t h i s  
m ethod.
The in t e n t i o n  was f i r s t l y  to  m odify th e  model so th a t  i t  would s im u la te  
th e  use  o f  th e  ta p s  and WC c i s t e r n s  and c a l c u la te  fre q u e n c y  d i s t r i b u t i o n s  
o f  t o t a l  w a te r  flow  r a t e s  f o r  th e  h o t and c o ld  sy s tem s . I n  o rd e r  to  ru n  
th e  model i t  was th e n  n e c e s s a ry  to  o b ta in  d a ta  on th e  way in  w hich th e  w a te r  
was u sed  i n  o f f i c e  and sch o o l c loakroom s. In fo rm a tio n  on flo w  r a t e s ,  
d u r a t io n  o f  f lo w , e tc  had  to  be o b ta in e d . F in a l ly ,  r e s u l t s  o b ta in e d  w ith  th e  
model would be compared w ith  th o se  p r e d ic te d  by th e  f i x t u r e  u n i t  m ethod.
U n fo r tu n a te ly ,  a l t e r a t i o n s  to  th e  BRE re s e a rc h  programme c u r t a i l e d  t h i s  
e x e r c is e  b e fo re  i t s  co m p le tio n . A model was s u c c e s s f u l ly  m o d ified  and 
t e s t e d ,  how ever, and i t s  d e t a i l s  w i l l  be d is c u s s e d  below . A l im i te d  amount 
o f  d a ta  was a ls o  c o l le c te d  and a  few t e s t  ru n s  were com ple ted .
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5.2 The Flow Model
The program was modified by introducing three new classes of entities.
These are HTAP, CTAP and VALVE, corresponding to hot and cold taps and 
WC hall valves. These can either he on or off, hut when on can handle 
a range of flow rates. The model works as before, hut there are now many 
more events as taps are turned on and off and WCs flushed. It is assumed 
that the flow through a tap remains constant while it is turned on. This 
is not always true hut prohahly happens in a cloakroom in the great 
majority of uses. The WC, on the other hand, is subjected to a range of 
flow rates during each flush, as the hall valve gradually closes. To cope 
with this the flow pattern is broken into discrete steps and a new event is 
triggered at each change. As a result of these features, the program 
obviously takes much longer to run.
In addition to these variables, there is a range of distributions and
histograms needed to describe and record details of the water usage. The
extra programming statements occur in the activity OCCUPY APPLIANCE and in 
a new activity called FLOWCHANGE. In addition there is an extra subroutine 
UPDATEFL which updates the recording histogram everytime a flow change occurs. 
Finally a subroutine called HISTNORM is included to normalise each histo­
gram before output• These segments axe shown in Appendix D •
The strategy behind each outlet is as follows:
a) WC ball valve
There are two distributions involved here. The first, FLUSHT, is a 
frequency distribution of values of the time between the start of the 
flush and the end of the WC occupation time.
U 3
T his i s  sam pled when th e  WC i s  occu p ied  so t h a t  th e  s t a r t  tim e o f  th e  
f lu s h  can be s e t  u p . I f  th e  v a lu e  sam pled i s  g r e a t e r  th a n  th e  o c c u p a tio n  
(v e ry  u n l i k e ly ) ,  th e  sam ple i s  r e p e a te d .
Once th e  f lu s h  h as  s t a r t e d ,  a  second s e t  o f  18 v a lu e s ,  FLOWC, d e f in e s  th e  
flow  r a t e s  in v o lv e d . F ig  5*2.1 shows th e  p a t t e r n  u se d . The f i r s t  v a lu e  
i s  th e  t o t a l  tim e f o r  which w a te r  flow s ( t ) .  The second c o n ta in s  th e  
number o f d iv i s io n s  in to  which th e  flow  i s  s p l i t .  Of th e s e  th e  f i r s t  i s  
much lo n g e r  and v a lu e  3 d e f in e s  i t s  le n g th .  From t h i s  th e  le n g th  o f  each 
o f th e  re m a in in g  (n  -  1) eq u a l d iv i s io n s  can o b v io u s ly  be c a l c u la te d .
V alues 4 - 1 8  th e n  c o n ta in  th e  flo w  r a t e s  o f  each  o f  th e  n d iv i s i o n s .
This i s  one example o f  th e  in e f f i c i e n c y  o f a  d i s c r e t e  e v en t d i g i t a l  
com puter model o f a  c o n tin u o u s ly  v a ry in g  f u n c t io n .  I n  o rd e r  to  rep ro d u ce  
th e  flow  p a t t e r n  a t  a l l  a c c u r a te ly ,  i t  i s  n e c e ss a ry  to  s te p  th ro u g h  i t ,  
c y c l in g  th e  program  many tim es o v e r . However, s in c e  th e  b a s ic  system  i s  
e s s e n t i a l l y  d i s c r e t e ,  an analogue approach  would n o t be a p p r o p r ia te ;  
w hether by analogue com puter o r  by lan g u ag es  such as SLAM (1*} w hich a re  
s p e c i f i c a l l y  d es ig n ed  to  h an d le  co n tin u o u s  v a r i a b l e s .  A ttem p ts have been  
r e p o r te d  to  d evelop  a  d i s c r e t e  e v en t language  in  which one s e c t io n  can 
c y c le  a t  a  f a s t e r  r a t e  th a n  th e  main m odel, th e re b y  s a v in g  com puting  tim e . 
These were n o t in v e s t ig a te d  h e re ,  how ever.
b ) Wash b a s in
F iv e  d i s t r i b u t i o n s  a re  used  to  d e s c r ib e  th e  flow  to  th e  b a s in .  The f i r s t ,  
c a l l e d  FLOMIX i s  a  p r o b a b i l i t y  d i s t r i b u t i o n  f o r  th e  th r e e  co m b in a tio n s  o f 
h o t and co ld  t a p s .  H aving d e c id e d  by sam pling  which ta p  o r  ta p s  a r e  to  
be u se d , th e  a p p ro p r ia te  v a r ia b le  i s  s e t  ON a t  th e  s t a r t  o f  th e  o c c u p a tio n . 
Two f u r t h e r  d i s t r i b u t i o n s ,  TFLOBAH and TFLOBAC, a re  th e n  sam pled to  g iv e
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th e  p ro p o r t io n  o f  th e  occupancy tim e f o r  w hich th e  h o t and co ld  w a te r  
i s  u se d . T his i s  g iv e n  by a  s im p le  freq u en cy  d i s t r i b u t i o n  in  each  c a s e , 
o f f e r in g  a  range  o f  60 — 100% o f  th e  o c c u p a tio n . The ta p s  a re  th e n  s e t
to  sw itch  o f f  a t  th e  a p p ro p r ia te  tim e .
F in a l ly  th e  a c tu a l  flow  r a t e  from  each  ta p  i s  sam pled from  FLHBA and 
FLCBA, two freq u en cy  d i s t r i b u t i o n s  c o n ta in in g  flow  v a lu e s  in  m l/s e c .
By u s in g  m i l l i l i t r e s  in t e g e r  v a lu e s  can be u se d : th e  CSL r o u t in e s  in v o lv e d  
w i l l  n o t a c c e p t r e a l  v a lu e s .
c ) U rin a l
F o r th e  u r in a l  a  s te a d y  flow  r a t e  i s  assum ed, c a lc u la te d  a c c o rd in g  to  
th e  m andatory minimum of 1 g a l lo n  p e r  s t a l l  p e r  20 m in u te s . T h is i s  
added to  th e  co ld  flo w  every  tim e t h i s  i s  com puted.
Appendix D c o n ta in s ,  in  a d d i t io n  to  th e  p r in t o u t  f o r  th e  v a r io u s  r o u t in e s  
d e s c r ib e d  h e re ,  a  sam ple s e t  o f d a ta ,  shown f i r s t  a s  t a b u la te d  d i s t r i b u t i o n s
and seco n d ly  as  in p u t to  th e  program .
The o u tp u t from  a  ty p i c a l  ru n  o f  th e  model i s  a l s o  re p ro d u c e d .
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5.3 Flow data
As d e s c r ib e d  i n  th e  p re v io u s  s e c t io n ,  th e  ex ten d ed  v e r s io n  o f  th e  s im u la tio n  
model r e q u i r e s  a  c o n s id e ra b le  amount o f d e t a i l e d  d a ta  on th e  way i n  which 
p eo p le  u se  th e  w a te r  i n  th e  cloakroom . Only a  l im i te d  amount o f  d a ta  cou ld  
be o b ta in e d  in  one o f f i c e  b lo c k  a t  BRS b e fo re  th e  e x e rc is e  was c u r t a i l e d .  
However, th e  equipm ent was developed  and s u c c e s s fu l  lo g g in g  e x e r c is e s  co m ple ted , 
i n  th e  co u rse  o f which a  c e r t a i n  amount o f  u s e f u l  in fo rm a tio n  was c o l l e c t e d .
The equipm ent u sed  was o f  two ty p e s .  F i r s t l y ,  w a te r  flo w  m e te rs  were i n s t a l l e d  
in  th e  s u p p lie s  to  th e  s in g le  WC and to  each  ta p  o f  th e  wash b a s in  i n  one 
men’ s cloakroom . S u b seq u en tly  th e  fo u r  ta p s  on two b a s in s  i n  an a d ja c e n t  
women’ s cloakroom  were s im i la r l y  m o n ito red . To c o l l e c t  d a ta  on th e  p ro p o r t io n  
o f  th e  o c c u p a tio n  tim e f o r  which w a te r  was u sed , th e  f l o o r  mat sxvitches 
d e s c r ib e d  i n  C hap ter 2 .3  were used  in  f r o n t  o f  each  b a s in .
The w a te r m e te rs  were tu r b in e  flow  m e te rs  made by Q uadrina L td  and were 
o f  th e  ty p e  i n  which th e  r o t a t i o n  o f a  tu rb in e  g e n e ra te d  a  h ig h  fre q u e n c y  
p u ls e d  o u tp u t v i a  a  p ic k -u p  c o i l  i n  th e  body o f  th e  m e te r . T h is  s ig n a l  was 
c o n v e rted  to  an  analogue  DC v o lta g e  by a  f re q u e n c y  to  DC c o n v e r te r  s u p p lie d  
by Q uadrina and mounted in  an o f f ic e  abou t 30 m e tre s  from  th e  c loak room s.
The v o lta g e  from  each  m e te r , s u i t a b le  a t t e n u a te d ,  was th e n  fe d  to  one channe l 
o f  an u l t r a - v i o l e t  c h a r t  r e c o r d e r .  S im i la r ly ,  th e  s ig n a l  from  each  m at, 
su p p lie d  by a  p u r p o s e - b u i l t  v o lta g e  so u rce  v ia  a  r e l a y ,  caused  a  d e f l e c t i o n  
i n  th e  t r a c e  o f a  f u r t h e r  channel on th e  r e c o r d e r .
The advan tage o f  th e  UV re c o rd e r  was t h a t  a  v i r t u a l l y  c o n tin u o u s  r e c o rd in g  
o f  flo w  r a t e s  co u ld  be made. Many o th e r  d a ta  lo g g e r s ,  b o th  c h a r t  and mag­
n e t i c  ta p e  ty p e s ,  o p e ra te  by r e g u la r ly  sc a n n in g  a  s e t  o f  t r a n s d u c e r s  such  as  
flo w  m eters  and r e c o rd in g  e i t h e r  an in s ta n ta n e o u s  v a lu e  o r  a  sum m ation o f  
p u ls e s  s in c e  th e  p re v io u s  sc a n . Most m u l t i—channe l r e c o rd e r s  s c a n  a t
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i n t e r v a l s  o f  a t  l e a s t  a  second and a s  many q u ic k  * rin se*  u se s  o f a  wash 
b a s in  ta p  o n ly  l a s t  fo u r  o r  f iv e  seco n d s , t h i s  i s  q u i te  s i g n i f i c a n t .  The 
UV r e c o r d e r  scan s  many tim es  a  second and can h a n d le  many more ch an n e ls  
th a n  a  c o n v e n tio n a l pen r e c o r d e r .
B efore th e  w a te r  m e te rs  cou ld  he u se d , a  c a l i b r a t i o n  check was n e c e s s a ry .
F o r t h i s  pu rp o se  a  la b o ra to ry  r i g  was s e t  up i n  w hich w a te r  from  a  h e a d e r  
ta n k  co u ld  be fe d  th ro u g h  th e  m e te r u n d er t e s t ,  th e n  th ro u g h  a  check v a lv e  
in to  a  p l a s t i c  ta n k . T his ta n k  r e s t e d  on a  w eig h in g  m achine. The o u tp u t 
from  th e  m e te r was co n n ec ted  to  two c o u n te r / t im e r  in s tru m e n ts  v ia  a  sm a ll 
s ig n a l  a m p l i f i e r .  One in s tru m e n t m easured th e  freq u en cy  o f th e  p u ls e s  from  
th e  m e te r , w h ile  th e  second was s e t  to  a c t u a l l y  coun t th e  p u ls e s .  The 
p ro ced u re  was to  ru n  w a te r  u n t i l  th e  fre q u e n c y  m e te r gave a  re a d in g  o f  th e  
d e s i r e d  v a lu e  a t  some p o in t  in  th e  ran g e  o f  th e  m e te r . The flo w  was a d ju s te d  
u s in g  th e  dow n-stream  check v a lv e  so t h a t  th e  m e te r rem ained  f u l l  o f  w a te r . 
The c o u n te r  was s t a r t e d  a t  th e  same i n s t a n t  t h a t  th e  end o f  th e  p ip e  was 
swung o v er th e  empty ta n k . The w eigh ing  m achine was o f  th e  s t e e l - y a r d  ty p e  
and was p re v io u s ly  s e t  to  a  c o n v en ien t w eig h t ( u s u a l ly  5 o r  10 kg) p lu s  th e  
w eigh t o f  th e  empty ta n k  ( in c lu d in g  r e s id u a l  w a te r ) .  As th e  w eig h in g  arm 
moved upwards th e  c o u n te r  was s to p p e d , th u s  r e g i s t e r i n g  th e  number o f  p u ls e s  
re c e iv e d  f o r  a  g iv en  amount o f  w a te r  a t  a  g iv e n  p u ls e  f re q u e n c y . On some 
t e s t s  th e  p ro c e s s  was tim ed  w ith  a  s to p  w atch to  o b ta in  th e  a c tu a l  mean 
fre q u e n c y  a s  t h i s  som etim es d r i f t e d  a  l i t t l e .  F o r each  v a lu e  th e  m easurem ent 
was r e p e a te d ,  g iv in g  a  s e r i e s  o f c a l i b r a t i o n  p o in t s  such a s  th o s e  in  F ig u re  
5 .3 .1 .  I t  w i l l  be seen  th a t  th e  c a l i b r a t i o n  i s  n o t a c tu a l ly  l i n e a r  and th a t  
i t  d i f f e r s  m arkedly  from  th a t  su p p lie d  by th e  m a n u fa c tu re rs . The re a s o n  f o r  
t h i s  d is c re p a n c y  was n e v e r d is c o v e re d , b u t i n  ig n o ran c e  o f th e  p r e c i s e  
d e t a i l s  o f  t h e i r  c a l i b r a t i o n  m ethods, c red en ce  was g iv en  to  th e  r e s u l t s  
o b ta in e d  in  th e  l a b o ra to r y .  The maximum e r r o r  in tro d u c e d  by assum ing  th a t
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th e  o u tp u t was l i n e a r  was ab o u t 4% a t  th e  lo w est f lo w  r a t e .
The method o f  e x t r a c t i n g  d a ta  from  th e  UV p a p e r  c h a r t s  was tim e consum ing.
A d iagram  o f  a  r e p r e s e n ta t iv e  s e c t io n  o f  th e  c h a r t  i s  rep ro d u ced  i n  F ig u re  
5 .3 « 2 . A s im p l i f i c a t io n  was in tro d u c e d  by w r i t i n g  a  s im p le  F o r t r a n  program  
to  a c c e p t in p u t i n  d i r e c t l y  m easured u n i t s ,  i e  m i l l im e t r e s .  T h is  meant t h a t  
i t  was on ly  n e c e ss a ry  to  m easure d e f l e c t i o n s  and d is ta n c e s  a lo n g  th e  c h a r t ,  
to g e th e r  w ith  channe l num bers. These v a lu e s  were th e n  in p u t to  th e  program  
in  t h e i r  ’ raw* form . U sing  c a l i b r a t i o n  in fo rm a tio n  such  a s  c h a r t  speed  and 
d e f l e c t i o n —to—frequency  c a l ib r a t i o n s  o b ta in e d  by la b o ra to ry  t e s t s ,  th e  program  
produced  flo w  r a t e s  a g a in s t  le n g th  o f  t im e . To overcome th e  n o n - l i n e a r i t y  
o f  th e  w a te r  m e te rs  a  p ro ced u re  was in c lu d e d  w hich a llo w ed  th e  program  to  
s e l e c t  th e  c o r r e c t  c o n v e rs io n  f a c t o r  g iv e n  th e  m e te r number and th e  a c tu a l  
f re q u e n c y . D ata f o r  t h i s  was re a d  i n  from  a  s p e c i a l l y  p re p a re d  d a ta  f i l e .
The e r r o r s  were th u s  red u ce d  to  th o s e  in h e re n t  i n  m easu ring  a  d e f l e c t i o n  o f  a  
few  m il l im e tre s  in  a  t r a c e  o f  up to  one m i l l im e tr e  a c ro s s .
A sam ple o f  th e  program  o u tp u t i s  shown in  F ig u re  5»3»3* To d i f f e r e n t i a t e  
betw een two s e p a ra te  w a te r  u se s  and a  s in g le  u se  a t  s e v e ra l  d i f f e r e n t  f lo w  
r a t e s ,  a  c o n t in u i ty  v a r ia b le  i s  o u tp u t .  T his ta k e s  th e  v a lu e  1 when th e  
flow  i s  p a r t  o f  an  ev en t and zero  when i t  i s  a  s e p a ra te  ev en t on i t s  own.
The o u tp u t f o r  •Mat s tay *  was o b ta in e d  by m easu rin g  th e  le n g th  o f  tim e f o r  
w hich th e  mat sw itch  was c lo se d  when a s s o c ia te d  w ith  a  g iv e n  flo w  e v e n t .  
S im i la r ly  th e  p ro p o r tio n  o f  th e  mat occupancy f o r  which flo w  o c c u rre d  was 
a l s o  c a lc u la te d .
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The WC flo w  p a t t e r n  was o b v io u s ly  d e te rm in ed  by th e  a p p lia n c e  r a th e r  th a n  
by th e  u s e r ,  so  o n ly  a  few  o f  th e s e  were a c t u a l l y  m easured . F ig u re  5«3*4 
shows th e  f lo w  p r o f i l e  o f  one o f  them , b eh av in g  much as  e x p e c te d . From t h i s  
th e  v a lu e s  to  be used  i n  th e  flo w  model co u ld  e a s i l y  be d e te rm in e d .
D ata on ta p  u se  on th e  o th e r  hand was e x tre m e ly  l im i t e d .  A second a n a ly s i s  
program  was w r i t t e n  to  ta k e  th e  d a ta  from  th e  f i r s t .  I t  u sed  t h i s  to  p ro ­
duce a  ran g e  o f  s t a t i s t i c a l  in fo rm a tio n  such  a s  h is to g ra m s  o f  f lo w  r a t e s ,  
volum es p e r  u s e ,  le n g th  o f  u s e ,  e t c .  These a re  a l l  rep ro d u ced  i n  Appendix E 
in  th e  form  o f  com puter o u tp u t .
F o r a  v a r i e ty  o f  re a so n s  i t  was d ec id ed  n o t to  u se  t h i s  d a ta  i n  com puter 
model r u n s .  F i r s t l y  i t  was l im i te d  to  u se  i n  one b u i ld in g  o n ly . Secondly  
th e  h o t ta p  was u s u a l ly  tu rn e d  on to  i t s  f u l l e s t  e x te n t  and even th e n  was 
g e n e ra l ly  re g a rd e d  a s  p ro v id in g  an i n s u f f i c i e n t  flo w  r a t e .  T h is was b ecau se  
o f  th e  v e ry  low p re s s u re  a v a i la b le  i n  t h i s  p a r t i c u l a r  b u i ld in g ,  w hich was 
made w orse by th e  i n s e r t i o n  o f  th e  flow  m e te r i n  th e  p ip e .  The r a t e s  
observed  th e r e f o r e  were p ro b ab ly  n o t th o se  t h a t  would have been  chosen  by 
th e  u s e r s  i f  th e y  had  had  th e  c h o ic e .
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OUTPUT DATA:u w i r u » u  r\ % ty *
CHANNEL CONTINUOUS OR FLOWRATE LENGTH OF FLOU MAT STAY FLOU PAR
NO. SEPARATE ML/ S S ECS . S ECS . OF STAY #
3 1 6 8 . 9 3 . 7 0 . 0 0 . 0
3 1 6 5 . 6 1 0 . 6 1 7 . 5 8 1 . 7
3 0 6 8 . 7 1 7 . 1 1 8 . 1 9 4 . 5
1 0 / 0 G  2 7 / 4  0 9 0 3 - 0 9 4 8  
OUTPUT DATA:
CHANNEL CONTINUOUS OR FLOWRATE LENGTH OF FLOU MAT STAY FLOW PAR
NO. SEPARATE * ML/ S S ECS . S ECS. OF STAY *
3 1 5 7 . 7 1 . 0 0 . 0 0 . 0
3 1 6 3 , 3 8 . 0 2 3 . 1 3 9 . 0
3 0 6 6 , 6 1 9 . 4 0 . 0 0 . 0
1 0 / 0 G  2 7 / 4  1 0 2 2 - 1 0 3 3  
OUTPUT DATA;
CHANNEL CONTINUOUS OR FLOURATE LENGTH OF FLOW MAT STAY FLOW PART
NO. SEPARATE ML/ S SECS. SECS . OF STAY %
2 0 1 4 9 . 1 3 . 5 7 . 7 4 5 . 5
3 0 71 . 6 6 . 0 8 . 4 71 . 4
2 0 8 3 . 2 6 . 0 1 0 . 3 5 8 . 3
3 0 o 9 . 9 3 . 8 4 . 5 8 4 . 4
3 0 71 . 7 6 . 5 7 . 7 8 4 . 4
3 0 6 9 , 2 4 . 8 6 . 2 7 7 . 4
1 0 / 0 G  2 8 / 4  0 9 1 0 - 1 0 4 5
OUTPUT DATA:
C HA NNFL CONTI NUOIIS OR FLOURATE LENGTH OF FLOW MAT STAY FLOW PART
NO. SEPARATE ML/ S SECS . S ECS . OF STAY %
3 1 4 4 . 8 3 . 0 0 . 0 0 . 0
3 1 6 3 . 3 1 4 . 8 2 3 . 2 7 6 . 7
3 0 6 6 . 1 6 . 0 9 . 0 6 6 . 7
3 1 3 7 . 3 6 . 7 0 . 0 0 . 0
3 1 6 4 . 3 6 . 4 1 3 . 8 9 4 . 9
3 0 6 9 . 7 6 . 9 8 . 2 8 4 . 1
3 0 7 0 . 1 2 . 6 0 . 0 0 . 0
2 0 1 8 9 . 4 4 . 5 0 . 0 0 . 0
3 0 
1 0 / 0 G  3 0 / 4  0 9 1 0 - 0 9 4 0  
OUTPUT DATA:
71 . 1 1 5 . 2 1 7 . 1 8 8 . 9
CHANNEL CONTINUOUS OR FLOWRATE LENGTH OF FLOW MAT STAY FLOW PART
NO. SEPARATE ML/ S S ECS. S ECS . OF STAY %
3 0 
1 0 / 0 G  3 / 5  1 0 2 3 - 1 0 4 6  
OUTPUT DATA:
6 4 . 3 1 0 . 4 1 2 . 3 8 4 . 6
c h a n n e l CONTINUOUS OR FLOURATE LENGTH OF FLOW MAT STAY FLOW PART
NO. SEPARATE ML/ S SECS. S ECS . OF STAY %
3 0 7 0 . 6 3 . 1 0 . 0 0 . 0
3 0 7 0 . 2 1 2 . 6 0 . 0 0 . 0
3 0 7 1 . 7 4 . 8 7 . 5 6 4 . 0
3 0 7 2 . 7 5 . 3 7 . 7 6 8 . 8
3 0 7 0 . 7 1 0 . 0 0 . 0 0 . 0
f i d  . S.  5  . V
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6 OTHER APPLICATIONS
T his C hap ter c o n ta in s  b r i e f  d e t a i l s  o f  exam ples o f  th e  range  o f  a p p l ic a t io n s  
in  w hich th e  s im u la tio n  model and d a t a  te c h n iq u e s  d e s c r ib e d  so  f a r  co u ld  be 
em ployed. In  each  case  e n q u i r ie s  came from  peo p le  o u ts id e  BRE who, h a v in g  
h e a rd  o f  th e  work, were i n t e r e s t e d  to  le a r n  i f  i t  cou ld  be a p p l ie d  to  t h e i r  
p a r t i c u l a r  f i e l d .
In  a l l  th r e e  c a s e s ,  th e  model i t s e l f  was shown to  ad ap t e a s i l y  to  th e  
s p e c i f i c  c o n d i t io n s  in v o lv e d . However, a lth o u g h  v a r io u s  assu m p tio n s  co u ld  
be made, th e  b a s ic  d a ta  on c o n d i t io n s  o f  u se  o f  th e  f a c i l i t i e s  i n  each  s i t u a ­
t i o n  was la c k in g  and w ith o u t i t  th e  s im u la t io n  te c h n iq u e  can o n ly  p ro v id e  
b road  g u id e - l in e s  f o r  d e s ig n .  In  o rd e r  to  o b ta in  a  com plete s e t  o f  d a ta  
f o r  each a p p l ic a t io n  d e t a i l e d  e x e r c is e s  a lo n g  th e  l i n e s  d is c u s s e d  in  
C hap ter 2 would have to  be c o n s id e re d . However, w ith  th e  a id  o f  in fo rm ed  
guessw ork , th e  v a r io u s  d a ta  d i s t r i b u t i o n s  u sed  i n  o f f i c e s  and s c h o o ls  co u ld  
be m o d ified  re a so n a b ly  s u c c e s s f u l ly .  D ata  on demand r a t e s  c o u ld  th e n  be 
f a i r l y  e a s i l y  a c q u ire d  i f  n e c e s s a ry .
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6,1 Unisex Toilet F a c ilit ie s  in  Secondary Schools
The D epartm ent o f  E d u c a tio n  and S cience  have d e s ig n e d  a  Secondary  School 
In fo rm a tio n  C e n tre , c o n ta in in g  a  p u b lic  l i b r a r y ,  in  w hich t o i l e t  accom­
m odation  w i l l  be p ro v id e d  in  th e  form  o f  in d iv id u a l  c u b ic le s ,  each  con­
t a i n i n g  a  WC and a  w a sh -b a s in . These would be f o r  u se  f o r  e i t h e r  s e x , by 
b o th  s t a f f  and p u p i l s  and by th e  p u b l i c .  The e s t im a te d  maximum t o t a l  
p o p u la t io n  i s  385; 11 c u b ic le s  a re  to  be p ro v id e d  on th e  ground f l o o r  and 
12 on th e  f i r s t .
The A uthor was ask ed  to  model t h i s  s i t u a t i o n ,  u s in g  th e  com puter s im u la tio n  
model a lre a d y  d e v e lo p e d , t o  p r e d ic t  th e  s ta n d a rd  o f  s e r v ic e  w hich th e  
d e s ig n  would p ro v id e  and to  d e r iv e  l e v e l s  o f  p ro v is io n  f o r  c o n v e n tio n a l 
accommodation w hich would p ro v id e  th e  same s e r v ic e .
E x i s t in g  r e g u la t io n s  would r e q u i r e ,  f o r  385 p u p i l s ,  a  t o t a l  o f  26 WCs (o r  
u r i n a l s )  and 26 b a s in s .
V arious a ssu m p tio n s  had  t o  be made abou t b e h a v io u r and c o n d i t io n s  in  o rd e r  
to  p ro v id e  d a ta  f o r  th e  s im u la tio n  o f  b o th  th e  u n is e x  and th e  s e g re g a te d  
s i t u a t i o n s .  These a re  l i s t e d  below :
1. O ccupation  tim e  d i s t r i b u t i o n s  a re  th o se  f o r  seco n d a iy  sc h o o l p u p i l s .
2 . The e s tim a te d  p o p u la tio n  i s  s p l i t  e v en ly  betw een th e  two f l o o r s  and  
betw een s e x e s .
3 . The peak  demand i s  dom inated by th e  sch o o l (b o th  s t a f f  and p u p i l s )  and 
c o n s is ts  o f a  20-m inu te b reak  p e r io d ,  in  which th e  peak  5“® inu te  lo a d  
i s  10$ o f  th e  p o p u la tio n  ( i e  19 p e r  5 -m in u tes  on each  f l o o r ) .
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4 . D u rin g  th e  b re a k  p e r io d ,  th e  fo u r  5*-mit tu te  i n t e r v a l s  have r e l a t i v e  
demand lo a d s  o f  1 0 0 :7 0 :6 0 :4 0  (c o rre sp o n d in g  to  e x i s t i n g  d a t a ) .
5 . The se x  d i s t r i b u t i o n  among th o se  a c t u a l l y  u s in g  th e  f a c i l i t i e s  i s  
9 :1 0  (m a le :fe m a le ) .
6 . The ’ f i r s t  req u irem en t*  d i s t r i b u t i o n  f o r  m ale u s e r s  i s  1 :16 :1  
(W C :u rin a l:b a s in )  and f o r  fem ale  u s e r s  i s  5*1 (W C :basin ). Of co u rse  
a l l  p o t e n t i a l  u r i n a l  u s e r s  i n  f a c t  u se  WCs.
7 . A ll u s e r s  o f  WCs su b se q u e n tly  wash t h e i r  hands w ith in  t h e i r  c u b ic le .
8 . Each o c c u p a tio n  tim e  f o r  th e  c u b ic le s  h a s  a  s ta n d a rd  ’m ir ro r  d e la y  
t im e ’ added to  i t  to  a llo w  f o r  ex ten d ed  occupancy o f  th e  c u b ic le .
The system  was m odelled  u s in g  v a lu e s  o f 10 seconds and 20 seconds f o r
t h i s  d e la y .  The re a s o n  f o r  c a l l i n g  t h i s  a  ’m ir ro r  d e la y ’ i s  t h a t  
some o r  a l l  o f  th e  c u b ic le s  a re  d e s ig n e d  to  have a  m ir ro r  mounted 
in s id e .  I f  t h i s  were u sed  f o r  make-up o r  combing h a i r  an in c re a s e d  
occupancy tim e would r e s u l t .  O ther f e a t u r e s  co u ld  have th e  same 
e f f e c t ,  b u t have been  lumped to g e th e r .
9* No a llow ance  i s  made f o r  th e  e f f e c t  o f  th e  f i l l i n g  tim e  o f  WC 
c i s t e r n s  s in c e  i n  th e  u n l ik e ly  ev en t o f  a  u s e r  b e in g  u n a b le  to
f lu s h  a  WC, he o r  she would p ro b a b ly  le a v e  i t  r a t h e r  th a n  w a i t ,
e s p e c i a l l y  a s  t h i s  i s  p red o m in an tly  a  sch o o l s i t u a t i o n .
F o r b o th  ’u n is e x ’ and ’ seg reg a ted *  s im u la tio n  ru n s  th e  main r e s u l t s
re c o rd e d  w ere:
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( a )  The p r o b a b i l i t y  t h a t  a l l  th e  a p p l ia n c e s  were f u l l  ( p ( f u l l ) ) .
(b )  The mean w a it in g  tim e ( in  seco n d s)  f o r  th o s e  u s e r s  who had  to  w a i t .
These r e s u l t s  a re  re c o rd e d  i n  T ab les  6 .1 .1 ,  6 .1 .2  and 6 .1 .3  from  w hich
th e  fo llo w in g  p o in t s  can be made:
1. F o r u n is e x  accom m odation th e  m ir ro r  d e la y  tim e  makes a  c o n s id e ra b le  
d i f f e r e n c e  to  th e  s ta n d a rd  o f  s e r v ic e  p ro v id e d . W ith no in fo rm a tio n  
a v a i l a b l e ,  th e  a c tu a l  d e la y s  caused  by u se  o f  a  m ir ro r  o r  by th e  more 
l e i s u r e l y  a t t i t u d e  p ro b a b ly  ad o p ted  in  a  ’ sea le d *  env ironm ent canno t 
be a s c e r t a in e d .  However, a  mean d e la y  o f  10 seconds seems i n t u i t i v e l y  
re a s o n a b le  and was th e r e f o r e  a d o p te d .
2 . I n  o rd e r  to  p ro v id e  a  s im i la r  s ta n d a rd  o f  s e r v ic e  to  th e  11 o r  12 
u n is e x  c u b ic le s  p ro p o sed , 6 WCs and 4 b a s in s  would be needed in  a  
fem ale cloakroom  and 3 WCs, 3 u r i n a l s  and 4 b a s in s  i n  a  m ale c lo a k ­
room. T his would p roduce a  t o t a l  o f  24 WCs o r  u r in a l s  and 16 b a s in s  
compared w ith  23 combined u n i t s .  I f ,  in s te a d  o f  p ro v id in g  one c lo a k ­
room f o r  each  sex  on b o th  f l o o r s ,  a  s in g le  la rg e  cloakroom  f o r  m ales 
was p ro v id ed  on one f l o o r  and one f o r  fem a le s  on th e  o th e r ,  th e s e  would 
have to  c o n ta in  4 WCs, 5 u r in a l s  and 5 b a s in s  and 10 WCs and 5 b a s in s  
r e s p e c t iv e ly ,  m aking a  t o t a l  o f  19 t o i l e t s  and 10 b a s in s .  T h is  re d u c ­
t i o n  in  a p p lia n c e  numbers would be a c h ie v e d  o n ly  w ith  what m ight be an 
u n a c c e p ta b le  in c re a s e  i n  w alk in g  d i s ta n c e s  and ’ in c o n v e n ie n c e ’ .
3 . The e f f e c t  on w a te r  demand sh o u ld  a l s o  be c o n s id e re d  in  any com p ariso n . 
The use  o f u r in a l s  in s te a d  o f  WCs would s u b s t a n t i a l l y  red u ce  th e  t o t a l  
r a t e  o f  demand f o r  w a te r  d u r in g  th e  peak  p e r io d ,  a lth o u g h  th e  t o t a l  
d a i ly  consum ption would p ro b a b ly  n o t be v e ry  d i f f e r e n t .
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4 . I n  te rm s o f  space  th e  u n is e x  accom m odation o ccu p ie s  30 m2 i n  c u b ic le s  
and ‘ lo b b ie s * • No d e s ig n  r u le s  f o r  s c h o o ls  a re  a v a i la b le  b u t a cc o rd ­
in g  to  recom m endations i n  a  book p u b lish e d  by th e  I n d u s t r i a l  S o c ie ty ( l8 ) ,  
th e  minimum a r e a  r e q u ir e d  f o r  th e  p roposed  s e g re g a te d  p ro v is io n  i s
26 m2. However, a s  F ig u re  6 .1 .1  show s, c o n s t r a in t s  on plum bing , 
p r iv a c y ,  e t c ,  im pose r e s t r i c t i o n s  on p o s s ib le  la y o u ts  so t h a t  th e  
f i n a l  d e s ig n  f i l l s  th e  a v a i la b le  space  w ith  no room to  s p a re .
5 . O ther c o n s id e ra t io n s  m ight a ls o  be ta k e n  in to  ac c o u n t; th e s e  cou ld  
in c lu d e  p a r t i t i o n i n g  c o s t s ,  th e  p r o v is io n  o f  s a n i t a r y  d is p o s a l  f a c i ­
l i t i e s ,  e t c .
The fo llo w in g  co m b in a tio n s  o f  f a c i l i t i e s  p ro v id e  th e  same s ta n d a rd  o f 
s e rv ic e  i n  te rm s o f  P ( f u l l )  and mean w a it in g  t im e s :
WCs U r in a ls  B asin s  
U nisex  p ro p o s a ls  23 23
S e g re g a te d , two cloakroom s p e r  f l o o r  18 6 16
S e g re g a te d , one cloakroom  p e r  f l o o r  14 5 10
The p r o v is io n  d e t a i l e d  in  th e  second l i n e  above i s  i n  f a c t  t h a t  w hich 
r e s u l t s  from  a p p ly in g  th e  r e v is e d  s c a le s  p ro p o sed . T hese, b e in g  b ased  
on a  maximum P ( f u l l )  o f  1$, g ive  more generous p ro v is io n  a t  s e v e r a l  
p o in ts  in  th e  s c a le s  and t h i s  s i t u a t i o n  i s  one such  p o in t .
I f ,  a l t e r n a t i v e l y ,  th e  r e s u l t s  o b ta in e d  i n  t h i s  e x e rc is e  a re  u sed  d i r e c t l y  
and a  mean 1 *f» c r i t e r i a  ad o p ted , th e  fo l lo w in g  numbers o f  f i t t i n g s  a r e
s a t i s f a c t o r y :
WQs U r in a ls  B as in s  
U n isex  f a c i l i t i e s  21 21
S e g re g a te d , two cloakroom s p e r  f l o o r  16 6 14
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TABLE 6 .1 .1  UNISEX FACILITIES 
Peak a r r i v a l  r a t e  = 19 P e r  5 niins
M ir ro r
d e la y
No o f  
u n i t s
P ( f u l l )  
*
Mean 
W ait (WC)
0 12 0.03 0 .0 0
11 0 .2 4 0 .35
10 0.41 1.02
10 12 0 .1 4 0.22
11 0 .50 O.46
10 1 .15 2 .3 0
20 12 0 .25 0.53
11 1.20 0 .9 7
TABLE 6 .1 .2  MALE CLOAKROOM ( CHSTE PER FLOOR) 
Peak a r r i v a l  r a t e  = 9 P©r 5 niins
No o f P ( f u l l ) Mean No o f P ( f u l l ) Mean No of P ( f u l l ) Mean
WCs f* w a it u r i n a l s fo w a it "basins i w a it
3 0 .0 0 0 .0 0 4 0 .1 0 0 .0 0 4 0 .1 4 0 .0 0
2 2.70 0 .0 0 3 0.99 0 .0 0 3 1.36 1.11
TABLE 6 .1 .3  FEMALE CLOAKROOM (CNE PER FLOOR) 
Peak a r r i v a l  r a t e  = 10 p e r  5 mins
No o f P ( f u l l ) Mean No o f P ( f u l l ) Mean
WCs /° Wait B a s in s i w a it
6 0 .2 2 0 .0 0 4 0 .1 8 0 .0 0
5 1 .22 1 .80 3 0 .9 5 1.72
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6.2 Accommodation for Teaching Staff in Schools
D uring  th e  d a ta  c o l l e c t io n  e x e r c is e s  i n  s c h o o ls ,  comments were r e c e iv e d  
from  head  te a c h e r s  and o th e r  s t a f f ,  i n  b o th  p rim ary  and seco n d ary  s c h o o ls ,  
to  th e  e f f e c t  t h a t  w h ile  p r o v is io n  f o r  th e  c h i ld r e n  seemed s a t i s f a c t o r y ,  
t h a t  f o r  th e  s t a f f  was o f te n  in a d e q u a te .
S a n i ta ry  accom m odation f o r  a d u l t s  i n  s c h o o ls  i s  n o t d e te rm in e d  by s p e c i f i c  
r e g u la t io n s .  The S tan d a rd s  f o r  School P rem ises R e g u la tio n s  r e q u ir e  
♦ s u f f ic i e n t  and s u i t a b l e 1 f a c i l i t i e s ,  w h ile  th e  r e le v a n t  B r i t i s h  S tan d a rd  
Code o f  P r a c t i c e  su g g e s ts  u s in g  r e g u la t io n s  u nder th e  O f f ic e s ,  Shops and 
R ailw ay P rem ises  Act a s  a  g u id e . However, te a c h in g  s t a f f  d i f f e r  from  
o f f i c e  w orkers in  t h a t  th e  tim e a v a i l a b l e  to  them f o r  u se  o f  th e  cloakroom s 
i s  u s u a l ly  r e s t r i c t e d  to  th e  same b re a k  and lu n ch  p e r io d s  t h a t  a p p ly  to  th e  
p u p i l s .  D uring  th e s e  p e r io d s  a  much h e a v ie r  demand i s  made upon th e  f a c i ­
l i t i e s  th a n  i s  a llo w ed  f o r  u n d er th e  o f f i c e  r e g u la t io n s .
A b r i e f  s tu d y  was th e r e f o r e  c a r r i e d  o u t ,  u s in g  th e  com puter s im u la tio n  model 
to  o b ta in  some id e a  o f  th e  s ta n d a rd  o f  s e r v ic e  p ro v id e d  u n d er th e  e x i s t i n g  
r e g u la t io n s  and to  e s t a b l i s h  more a p p ro p r ia te  s c a l e s .
The most im p o rtan t unknown in  th e  s im u la tio n  e x e rc is e  was th e  p ro p o r t io n  o f  
th e  s t a f f  o f  each  sex  t h a t  m ight be ex p ec ted  to  u se  th e  cloakroom  d u r in g  a  
20-m inute b re a k  p e r io d .  I n  o rd e r  to  g e t an  id e a  o f  what s o r t  o f  s e r v ic e  
would be p ro v id ed  i f  th e  s c a le s  f o r  o f f i c e s  were a p p l ie d ,  a  v a lu e  o f  80% 
was chosen , a s  a  p ro b a b le  u p p er l i m i t .  T his im p lie s  t h a t  o f  25 male s t a f f ,  
f o r  exam ple, an  average  o f  20 use  th e  cloakroom  d u r in g  a  20 -m inu te  b re a k . 
D uring  t h i s  p e r io d  th e  demand i s  u n l ik e ly  to  be ev en ly  sp re a d  and i n  th e  
absence  o f  r e a l  d a ta  a  p a t t e r n  o f  a r r i v a l  r a t e s  was chosen  a r b i t r a r i l y  and 
i s  shown in  F ig u re  6 .2 .1 .
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The o c c u p a tio n - tim e  d i s t r i b u t i o n s  u sed  i n  th e  model were th o s e  o b ta in e d  
as  d a ta  d u r in g  a  s tu d y  o f  o f f i c e  cloakroom  u s e ,  a s  were th e  d i s t r i b u t i o n s  
o f r e l a t i v e  demand f o r  th e  d i f f e r e n t  a p p l ia n c e s .  As u s u a l ,  i t  was assumed 
t h a t  a l l  t o i l e t  u s e r s  wash t h e i r  h a n d s .
The r e s u l t s  a r e  ta b u la te d  in  T able 6 .2 .1  i n  te rm s o f :
( a )  The p r o b a b i l i t y  t h a t  a l l  a p p l ia n c e s  o f  one ty p e  a r e  f u l l  — P ( f u l l ) ,
(b )  The av erag e  number o f  p eo p le  who have to  w a it  to  u se  th e  f a c i l i t i e s ,  
and
(c )  The av erag e  w a it in g  tim e  f o r  th o s e  t h a t  do w a i t .
The f ig u r e s  r e v e a l  an  u n s a t i s f a c to r y  s ta n d a rd  o f  s e rv ic e  as  f a r  a s  WCs 
and u r in a l s  a re  concerned  and i t  sh o u ld  a l s o  be n o te d  th a t  th e s e  a re  
av e ra g e  f i g u r e s ,  b o th  o v e r th e  20 -m inu te  p e r io d  c o n s id e re d  and o v e r 20 
d i f f e r e n t  s im u la tio n s  o f  th e  p e r io d .  The peaked  n a tu re  o f  th e  demand 
p a t t e r n  shown i n  F ig u re  6 .2 .1  means t h a t  d u r in g  th e  c e n t r a l  10-m inute 
p e r io d  th e  s ta n d a rd  o f  s e r v ic e  w i l l  be much w o rse . The s e rv ic e  p ro v id e d  
by th e  b a s in s  i s  much b e t t e r ,  b u t i t  h as  been  shown th a t  e x i s t i n g  p r o v is io n  
o f  b a s in s  i n  o f f ic e  b u i ld in g s  i s  v e ry  g e n e ro u s . I t  sh o u ld  a l s o  be n o te d  
th a t  i n  th e  men’ s cloakroom , p ro s p e c tiv e  u r i n a l  u s e r s  f in d in g  a l l  th e  
a p p l ia n c e s  o ccup ied  a r e  assumed to  use  a  WC ( i f  one i s  v a c a n t) ;  t h i s  may 
n o t be a c c e p ta b le  a s  a  d e s ig n  assu m p tio n . As 82% o f  th e  male u s e r s  w ish  
to  u se  u r i n a l s ,  t h i s  e x p la in s  th e  h ig h  l e v e l  o f  occupancy o f  th e  WCs and 
th e  r e l a t i v e l y  low w a it in g  tim es  f o r  u r i n a l s .
In  o rd e r  to  g e t some id e a  o f  th e  e f f e c t s  o f  u s in g  o th e r  more g enerous d e s ig n
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c r i t e r i a  a  s e r i e s  o f  s im u la t io n  ru n s  was conducted  u s in g  th e  same b a s ic  
assu m p tio n s  a s  b e fo re .  An a l t e r n a t i v e  demand l e v e l  was u sed  t h i s  tim e —
50$ a s  w e ll a s  80$. W ith no f i e l d  d a ta  to  go on t h i s  h as  to  be an  assump­
t i o n ,  b u t i t  would seem to  be u n d e s ir a b le  to  assume t h a t  few er th a n  5 
o f th e  s t a f f  p o p u la t io n  u se  th e  cloakroom  d u r in g  th e  b re a k  p e r io d .
In  th e  work on o f f i c e  p r o v is io n  th e  d e s ig n  c r i t e r i a  was ta k e n  to  be a  
p r o b a b i l i t y  o f  1% t h a t  a l l  th e  a p p l ia n c e s  o f  any ty p e  a re  f u l l .  I n  t h i s  
case  two d i f f e r e n t  l e v e l s  were u se d , 5$  and- 10$» on th e  assu m p tio n  th a t  
when p eo p le  know th a t  th e y  a re  in  a  peak  demand s i t u a t i o n ,  and form  a  
f a i r l y  s e l f - c o n ta in e d  g ro u p , th e y  w i l l  a c c e p t a  low er s ta n d a rd  o f  s e r v ic e .
The com binations o f  th e  two v a r ia b le s  (demand and P ( f u l l ) )  g iv e  fo u r  p o s s i ­
b i l i t i e s  f o r  r e v is e d  s c a le s  o f  p r o v is io n  and th e s e  a re  shown i n  T ab les  
6 .2 .2  and 6 .2 .3 ,  w ith  o f f i c e  s c a le s  f o r  com parison . No a t te m p t h a s  been 
made to  in c rem en t th e  a p p l ia n c e  numbers a t  • c o n v e n ie n t’ v a lu e s  o f  popu­
l a t i o n ;  hence th e  d if f e r e n c e s  betw een th e  s c a le s  a re  f u l l y  a p p a re n t .
W ithout in fo rm a tio n  on a c tu a l  u sage o f  s t a f f  t o i l e t s  o r  on what would 
c o n s t i tu te  a  s a t i s f a c t o r y  l e v e l  o f  s e r v ic e ,  no f i n a l  p ro p o s a ls  can  be made. 
There i s  o b v io u s ly  room f o r  im provem ent, how ever, and o f  th e  f o u r  s c a le s  
shown h e r e ,  t h a t  f o r  an  80$ demand r a t e ,  w ith  p ( f u l l )  r e s t r i c t e d  to  10f0f 
m ight be th e  one to  aim f o r .  These c r i t e r i a  p ro v id e  a  more g en ero u s 
s e r v ic e ,  in  some c a se s  by a  c o n s id e ra b le  m arg in , th a n  th e  o f f i c e  s ta n d a r d s ,  
and a re  a s s o c ia te d  w ith  c o rre sp o n d in g  r e d u c t io n s  in  av erag e  w a i t in g  t im e s .
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Male Fem ale
P o p u la t io n 12 28 40 12 25 40
No o f  WCs 1 2 2 1 2 3
P (F u ll) (% ) 4 3 .7 15.2 2 0 .3 49.1 4 1 .9 38 .3
Mean No w a it in g 4 .2 1.6 1 .4 5 .0 9 .4 15 .3
Mean w a it  ( s e c s ) 74 .2 15.6 20 .2 66 .8 4 6 .7 42 .8
No o f  u r i n a l s 0 1 2
P ( F u l l ) - 4 1 .4 2 0 .4
Mean No w a it in g - 1 .7 3 .2
Mean w a it - 11.6 11 .9
No o f  "basins 1 2 3 1 2 3
P ( F u l l ) 14 .6 6 .3 1 .7 15 .5 3 .7 1 .3
Mean No w a it in g 0 .4 1 .4 0 .5 0 .7 0 . 4 0 .1
Mean w a it 2 .1 4 .9 1.6 5 .8 2 .3 0 .6
TABLE 6 .2 .1  -  RESULTS FROM SIMULATION OF OFFICE SCALES APPLIED TO 
SCHOOL STAFF
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WC U rin a l B a s in
Pop No Pop No Pop No
E x is t in g
o f f i c e
s c a le s
1 - 2 0  1 
2 1 - 4 5  2 
46 -  75 3 
76 -  100 4
1 - 1 5  0
1 6 - 3 0  1 
3 1 - 6 0  2 
6 1 - 9 0  3
1 - 1 5  1 
1 6 - 3 0  2 
3 1 - 5 0  3 
5 1 - 7 5  4
BRE
o f f i c e
p ro p o sa ls
1 - 1 0  1
11 -  30 2 
3 1 - 6 0  3 
61 -  100 4
1 - 5  o 
6 - 1 5  1 
1 6 - 6 0  2 
61 -  120 3
1 - 2 0  1 
2 1 - 9 0  2
Demand = 80# 
P ( F u l l )
1 - 2  1 
3 - 2 3  2 
24 -  45 3
1 - 2  1 
3 - 1 5  2 
1 6 - 3 5  3 
36 — 60 4
1 - 4  1 
5 - 2 5  2 
26 -  60 3
Demand = 80# 
P ( F u l l ) < 1 0 #
1 - 5  1 
6 - 3 0  2 
3 1 - 6 0  3
1 - 5  1 
6 - 2 5  2 
26 -  45 3
1 - 7  1 
8 - 4 0  2
Demand = 50# 
P ( F u l l ) < 5 #
1 - 4  1 
5 - 3 5  2 
36 -  70 3
1 - 4  1 
5 - 2 5  2 
26 — 60 3
1 - 5  1 
6 - 4 0  2
Demand = 50# 
P ( F u l l ) <  10#
1 - 8  1 
9 - 5 0  2
1 - 7  1 
8 - 4 0  2 
1 4 - 8 0  3
1 - 1 2  1 
1 3 - 6 0  2
TABLE 6 .2 .2  COMPARISON OP SCALES FOR MALE STAFF -  NUMBER OF FITTINGS
REQUIRED IN A SINGLE CLOAKROOM BY A GIVEN POPULATION
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WC B asin
Pop No Pop No
E x is t in g
o f f i c e
s c a le s
1 - 1 5  1 
1 6 - 3 0  2 
3 1 - 5 0  3 
5 1 - 7 5  4 
76 -  100 5
1 -  15 1 
1 6 - 3 0  2 
3 1 - 5 0  3 
5 1 - 7 5  4 
76 -  100 5
BRE
o f f i c e
p ro p o s a ls
1 - 1 0  1 
1 1 - 2 5  2 
2 6 - 5 0  3
51 -  100 4
1 - 1 5  1 
1 6 - 8 0  2
Demand = 80% 
P ( F u l l )
1 - 7  2 
8 - 1 6  3 
1 7 - 2 7  4 
28 -  40 5 
4 1 - 5 5  6
1 - 4  1 
5 - 2 5  2 
26 — 60 3
Demand = 80fo 
P ( F u l l ) ^ 1 0 /o
1 - 2  1 
3 — 12 2 
1 3 - 2 2  3 
23 -  35 4 
36 -  50 5
1 - 8  1 
9 - 4 0  2
Demand = 5 &f° 
P ( F u l l ) c %
1 - 2  1 
3 - 1 2  2 
1 3 - 2 7  3 
28 -  45 4 
4 6 - 6 5  5
1 - 6  1 
7 - 4 0  2
Demand « 50$
P ( F u l l ) <£10#
1 - 4  1 
5 - 1 8  2 
1 9 - 3 5  3 
36 -  55 4 
56 -  75 5
1 -  13 1 
1 4 - 6 0  2
TABLE 6 .2 .3  COMPARISON OF SCALES FOR FEMALE STAFF -  HUMBER OF FITTINGS
REQUIRED IH A SINGLE CLOAKROOM BY A GIVEN POPULATION 
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6.3 Public Conveniences
L i t t l e  o r  no in fo rm a tio n  e x i s t s  to  h e lp  lo c a l  a u t h o r i t i e s  d e te rm in e  e i t h e r  
th e  s i z e  o r  th e  lo c a t io n  o f  p u b lic  co n v en ien ces  and a s  a  f i r s t  s te p  tow ards 
p ro v id in g  such  gu idance a  b r i e f  s tu d y  was c a r r i e d  ou t a t  th e  r e q u e s t  o f 
th e  N orth  W i l ts h i r e  D i s t r i c t  C o u n c il.
The problem  o f  d e te rm in in g  s a t i s f a c t o r y  l e v e l s  o f  p r o v is io n  in  p u b l ic  
t o i l e t s  i s  more co m p lica ted  th a n  i n  cloakroom s in  s p e c i f i c  b u i ld in g  ty p e s .
I n  th e  f i r s t  p la c e  th e  demand p a t t e r n s  i n  p u b l ic  t o i l e t s  vaxy w id e ly  a c c o rd ­
in g  to  lo c a t io n s  t o i l e t s  i n  shopp ing  c e n t r e s  e x p e r ie n c e  d i f f e r e n t  p a t t e r n s  
o f  u se  from  t o i l e t s  i n  c a r  p a rk s ,  f o r  in s ta n c e .  S econdly  th e  s ta n d a rd  o f  
s e r v ic e  re g a rd e d  by th e  u s e r s  a s  • s a t i s f a c to r y *  a l s o  v a r ie s  w ith  lo c a t io n .
The aim o f  t h i s  s tu d y  was to  u se  th e  com puter s im u la t io n  model to  p r e d ic t  
l e v e l s  o f  perfo rm ance  o f  d i f f e r e n t  a p p l ia n c e  c o n f ig u ra t io n s  s u b je c te d  to  
v a ry in g  demand lo a d s .  The g raphs p roduced  can  th e n  be u sed  i n  c o n ju n c tio n  
w ith  in fo rm a tio n  from  p a r t i c u l a r  p u b l ic  conven ience i n  an a tte m p t to  a r r i v e  
a t  a  • s a t i s f a c t o r y ’ l e v e l  o f  p r o v is io n .
In  th e  absence  o f  e x p e r im e n ta l d a ta  s p e c i f i c  to  p u b l ic  c o n v e n ie n c e s , v a r io u s  
assu m p tio n s have had to  be made i n  s e t t i n g  up th e  com puter m odel. The d a ta  
r e q u ir e d  i s  o f  th r e e  ty p e s :
( a )  P a t t e r n  o f  demand
The r a t e  o f  a r r i v a l  o f  u s e r s  a t  th e  conven ience  i s  assumed to  be 
random . In  o th e r  words i t  fo llo w s  a  P o is so n  d i s t r i b u t i o n  f o r  which 
th e  mean i s  th e  av erag e  number o f  a r r i v a l s  p e r  5 m in u te s . T h is mean 
a r r i v a l  r a t e  was u sed  as  th e  in d ep en d en t v a r i a b le  i n  th e  s im u la t io n  
t e s t s .  Each ru n  o f  th e  model r e p r e s e n ts  a  p e r io d  o f  1 h o u r d u r in g
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which th e  av erag e  a r r i v a l  r a t e  rem ains c o n s ta n t .  T h is method 
rep ro d u ces  f a i r l y  a c c u r a te ly  s i t u a t i o n s  such  as shop p in g  c e n t r e s  
w here each  u s e r  a r r i v e s  more o r  l e s s  in d e p e n d e n tly  o f  a l l  o th e r s .
I t  does n o t acco u n t f o r  s i t u a t i o n s  where a  la rg e  number o f  u s e r s  
a r r iv e  a t  o nce , a s  w ith  a  coach lo a d .  However, i t  seems u n reaso n ­
a b le  to  d e s ig n  co n v en ien ces  to  cope p e r f e c t l y  w ith  t h i s  demand, 
e s p e c i a l l y  a s  coach p a r t i e s  a re  p ro b a b ly  more p re p a re d  to  a c c e p t 
d e la y s  th a n  in d iv id u a l  u s e r s .
(b )  A ppliance demand
Once in  th e  co n v en ien ce , u s e r s  have a  c h o ic e  o f  a p p l ia n c e s  and th e  
model needs to  know th e  p ro p o r t io n  o f  u s e r s  u s in g  each  ty p e  o f 
f a c i l i t y .  A gain , ab sence  o f  e x p e rim e n ta l d a ta  h as  fo rc e d  assu m p tio n s  
b ased  p a r t l y  on o b s e rv a tio n s  i n  o f f i c e s  and sc h o o ls  and p a r t l y  on 
• i n t u i t i o n * .  In  th e  case  o f  f a c i l i t i e s  f o r  women, i t  h a s  been  assumed 
th a t  a l l  th e  a r r i v a l s  u se  th e  WC, s in c e  i t  i s  u n l ik e ly  t h a t  a  s ig ­
n i f i c a n t  number o f  p eo p le  use  p u b lic  co n v en ien ces  s im p ly  f o r  th e  wash­
b a s in .  In  th e  men’ s c a s e ,  10$ a re  assumed to  u se  th e  WC and 90$ to  
use  th e  u r i n a l .
In  b o th  c a se s  a l l  t o i l e t  u s e rs  a re  assumed su b se q u e n tly  to  u se  th e  
w a sh -b a s in . A lthough t h i s  i s  u n l ik e ly  i n  p r a c t i c e ,  th e  f a c i l i t i e s  
p ro b a b ly  ought to  be d e s ig n e d  w ith  t h i s  c a p a b i l i t y .
In  th e  men’ s conven ience i t  i s  assumed t h a t  th e  u s e r  w ish in g  to  u se  
an u r in a l  w i l l  u se  a  WC i f  a l l  th e  u r in a l s  a re  o ccu p ied .
( c )  O ccupation  tim es
The model r e q u i r e s  a  d i s t r i b u t i o n  o f  o c c u p a tio n  tim es  f o r  each  
a p p lia n c e  ty p e .  I t  i s  a  m a tte r  f o r  c o n je c tu re  a s  to  how th e  d u r a t io n
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o f  u se  o f  a  WC i n  a  p u b l ic  conven ience  d i f f e r s  from  th a t  in  an 
o f f i c e  cloakroom . I t  i s  p o s s ib le  t h a t  e x t r a  c lo th in g  and baggage 
p ro lo n g  th e  u s e ,  b u t on th e  o th e r  hand u s e r s  a re  more l i k e l y  to  be 
in  a  h u r ry .  I t  i s  assumed t h a t  th e s e  e f f e c t s  p ro b a b ly  b a lan ce  ou t 
so t h a t  th e  o f f i c e  d i s t r i b u t i o n s  have been  u sed  i n  a l l  c a se s  ex ce p t 
t h a t  o f  th e  men’ s u r i n a l s .  H ere sch o o l d a t a  shows th a t  boys a r e  
much q u ic k e r  th a n  men an d , a r b i t r a r i l y  assum ing  th a t  50$  o f  u s e r s  
a re  bo y s, th e  d i s t r i b u t i o n  h as  been  a d ju s te d  a c c o rd in g ly .
The r e s u l t s  from  th e  s im u la tio n  ru n s  a re  t a b u la te d  in  T ab les 6 .3 .1  and 
6 .3 * 2 . These show, f o r  each  v a lu e  o f  a r r i v a l  r a t e  (av e rag e  number o f  
a r r i v a l s  p e r  5 m in u te s )  and each  co m b in a tio n  o f  a p p lia n c e  num bers, 3 
m easures o f  p e rfo rm an ce . The f i r s t ,  and t h a t  u sed  in  o th e r  s tu d i e s ,  i s  
th e  p r o b a b i l i t y  o f  f in d in g  a l l  th e  a p p l ia n c e s  o f  one ty p e  f u l l  ( P ( f u l l ) )  
ex p re sse d  a s  a  p e rc e n ta g e . The second i s  t h a t  p ro p o r t io n  o f  a l l  u s e r s  
w ish in g  to  use  th e  a p p lia n c e  ty p e  concerned  who have to  w a it ( o r  q u e u e ) . 
T h ird ly , f o r  th o se  who do queue th e  av e ra g e  w a it in g  tim e  in  seconds i s  
q u o te d .
I n  th e  women’ s c a s e , i t  w i l l  be seen  t h a t  th e  f i r s t  and second f ig u r e s  
a re  alw ays abou t th e  same, which i s  a s  i t  sh o u ld  b e . I n  th e  case  o f  men 
t o i l e t s ,  how ever, p o t e n t i a l  u r in a l  u s e r s  can u se  a  WC and th e r e f o r e  may 
n o t queue, w h ile  th e  WCs a re  c o rre s p o n d in g ly  l e s s  a v a i l a b l e .
These r e s u lt s  are shown grap h ica lly  in  Figures 6.3*1-5» which show, fo r  
each value o f a rr iv a l ra te  and appliance numbers, the value o f P ( f u l l ) )  
obtained from the sim ulation .
As one p o s s ib le  m easure o f  s a t i s f a c t o r y  s e r v ic e ,  a  l i n e  r e p r e s e n t in g  a  
P ( f u l l )  o f  10$ has been  draw n. T his c o rre sp o n d s  to  th e  s i t u a t i o n  w here,
d u r in g  an  h o u r o f  peak  u s e ,  a l l  th e  a p p l ia n c e s  o f  one ty p e  w i l l  be 
occu p ied  f o r  10$ o f  th e  t im e . A l te r n a t iv e ly ,  i t  means t h a t  1 in  10 
p o te n t i a l  u s e r s  canno t g a in  im m ediate a c c e s s  to  th e  f a c i l i t y  th e y  w ish 
to  u s e .
U sing  th e  10$ le v e l  a s  a  maximum a c c e p ta b le  v a lu e  o f  P ( f u l l ) ) ,  s c a le s  o f 
p ro v is io n  have been  drawn up i n  F ig u re s  6 .3 .6  and 6 .3 .7 *  T his l e v e l  i s  
r a t h e r  a r b i t r a r y ,  how ever, and needs to  be compared w ith  th e  s i t u a t i o n  
p r e v a i l in g  in  p r a c t i c e .  T h is  can be done by c o u n tin g  u s e r s  and o b ta in in g  
a  v a lu e  f o r  th e  mean a r r i v a l  r a t e  d u r in g  a  peak  p e r io d  o f  u s e .  When th e  
number o f  f i t t i n g s  i s  a l s o  known th e  a c tu a l  l e v e l  o f  perfo rm ance  can  be 
deduced from  F ig u re s  1-5* T h is  l e v e l  ought th e n  to  be c o r r e l a t e d  w ith  
th e  r e a c t io n  o f  th e  u s e r s  to  th e  f a c i l i t i e s  p ro v id e d . I t  may w e ll be 
th e n  t h a t  F ig u re s  6 and 7 can be redraw n b ased  on a  d i f f e r e n t  maximum 
v a lu e  o f  P ( f u l l ) ) .
D ata  c o l le c te d  by o b se rv e rs  in  Chippenham w i l l  s h o r t ly  be a v a i la b l e  to  
g iv e  some gu idance on t h i s .
I t  sh o u ld  be remembered t h a t  th e s e  r e s u l t s  a re  b ased  on assumed v a lu e s  f o r  
a p p lia n c e  demand and o c c u p a tio n  t im e s . Any s i g n i f i c a n t  in a c c u ra c y  co u ld  
have a  marked e f f e c t  on th e  s c a le s  p r e d ic te d .
No a llow ance  h as  been made f o r  f i t t i n g s  re n d e re d  u n u sab le  by m ech an ica l 
f a i l u r e  o r  v an d a lism . I f  a  known p ro p o r t io n  o f  f i t t i n g s  a r e  o u t o f  use 
a t  any g iv en  tim e , th e  f ig u r e s  quo ted  sh o u ld  be in c re a s e d  a c c o rd in g ly  i n  
o rd e r  to  m a in ta in  th e  same s ta n d a rd  o f  s e r v ic e .
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6.4 General
I t  can be seen  from  th e s e  exam ples t h a t  th e  s im u la tio n  model can he 
a p p l ie d  to  any s a n i t a r y  accom m odation. Most c a se s  co u ld  be covered  by 
s im ply  p ro v id in g  th e  r i g h t  in p u t d a ta  and c o n t ro l  v a r i a b l e s .  O th ers  
cou ld  be h an d led  a lm o st a s  e a s i l y  by m o d if ic a t io n s  to  th e  program . 
A nother a r e a  t h a t  h a s  been  in v e s t ig a te d  b r i e f l y  i s  th e  t h e a t r e ,  where 
v e ry  h ig h  peaks o f  demand o ccu r d u r in g  i n t e r v a l s .  The model c o u ld  be 
used  as  a  d e s ig n  to o l  i n  a  wide ran g e  o f  b u i ld in g s .  The o n ly  l i m i t a t i o n  
i s  t h a t  to  be s u c c e s s fu l  i t  needs re a so n a b ly  a c c u ra te  d a ta  on demand and 
o c c u p a tio n  t im e s , to g e th e r  w ith  some id e a s  a s  to  what c o n s t i t u t e s  an 
a c c e p ta b le  l e v e l  o f  s e r v ic e  i n  th e  ty p e  o f  b u i ld in g  u nder c o n s id e r a t io n .
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7 . DISCUSSION
In  many ways th e  work d e s c r ib e d  in  t h i s  S e c t io n  h as  been  a  s t r a ig h tf o r w a r d  
exam ple o f  th e  a p p l i c a t io n  o f  s im u la t io n  t o  any e n g in e e r in g  p rob lem . In  
th e  f i r s t  p la n e  d a ta  on th e  v a r io u s  a s p e c ts  o f  th e  perform ance o f  th e  
system  i s  o b ta in e d ; a  model i s  th e n  c o n s tru c te d  and used  to  p r e d ic t  p e r ­
form ance u n d er a  d i f f e r e n t  s e t  o f  c o n d i t io n s .  A ll  t h i s  has been  done h e r e .  
The m a jo r d i f f e r e n c e  betw een t h i s  and c l a s s i c  s im u la t io n  e x e rc is e s  
in v o lv in g  s te e l -w o rk s  o r dockyards i s  t h a t  one o f  th e  m ajo r components o f  
t h i s  model i s  th e  u s e r ,  who i s  a  human b e in g  and behaves v e ry  u n p r e d ic ta b ly .
T h is  p o in t  was i l l u s t r a t e d  in  C h a p te r  4«1 when th e  v a l id a t i o n  o f  th e  com­
p u te r  model was d e s c r ib e d .  A d e t a i l e d  s tu d y  o f  th e  i n t e r a c t i o n  betw een 
th e  cloakroom  and th e  u s e r s  showed t h a t  th e  u s e r s  m o d ified  t h e i r  b e h a v io u r  
a c c o rd in g  t o  p r e v a i l in g  c o n d it io n s  in  th e  c loakroom . T his i s  one way in  
w hich s im u la t io n  can cope w ith  a  co m p lica ted  s i t u a t i o n  r a t h e r  b e t t e r  th a n  
can s ta n d a rd  s t a t i s t i c a l  te c h n iq u e s .  I t  was p o s s ib le  t o  in c lu d e  a t l e a s t  
some o f  th e  v a g a r ie s  o f  b e h a v io u r  in  a  way w hich cou ld  no t have been  done 
by any o th e r  m eans. As a  r e s u l t  th e  o u tp u t from th e  model can  be t r e a t e d  
w ith  alm ost com plete c o n f id e n c e , s im p ly  b eca u se  th e  model has rep ro d u ced  
e x a c t ly  what happens in  th e  r e a l  w o rld .
The b ig g e s t  problem  in  t h i s  f i e l d ,  as w ith  any o th e r  b u i ld in g  s e r v ic e ,  i s  
in  d e c id in g  what c o n s t i tu te s  a  ' r i g h t 1 l e v e l  o f  p r o v is io n .  I n  f a c t  th e  
s te p  b e fo re  t h i s  i s  e q u a l ly  p ro b le m a tic a l  -  t h a t  o f  d e c id in g  how th e  
s ta n d a rd  o f  s e rv ic e  sh o u ld  be m easu red . The method u sed  h e r e ,  in v o lv in g  
th e  concep t o f  th e  ' a l l - f u l l '  p r o b a b i l i t y , i s  b e l ie v e d  t o  be v e ry  r e le v a n t  
in  t h a t  i t  r e l a t e s  t o  th e  u s e r 's  e x p e r ie n c e , as d is c u s s e d  in  C h ap te r  4»2 .
By r e l a t i n g  e x i s t in g  p r o v is io n  (and  r e a c t io n  t o  i t )  t o  t h i s  c r i t e r i o n ,  i t
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was p o s s ib le  t o  p ropose  d e s ig n  v a lu e s  w hich g e n e ra te  s c a le s  which a re  as 
n e a r  * s a t i s f a c to r y *  as p o s s ib le .  They a t  l e a s t  have th e  v i r t u e  o f  b e in g  
i n t e r n a l l y  c o n s is te n t  th ro u g h o u t t h e i r  ra n g e . I t  w i l l  be r e c a l l e d  t h a t  
th e  c r i t e r i o n  adop ted  was t h a t  f o r  o f f i c e s ,  d u r in g  th e  peak  hour o f u se  
t h e r e  sh o u ld  be  a  p r o b a b i l i t y  o f  no more th a n  1% t h a t  a l l  th e  a p p lia n c e s  
o f  any one ty p e  in  any one cloakroom  sh o u ld  be  o c c u p ie d . T his v a lu e  was 
th e n  in c re a s e d  t o  5% f o r  s c h o o ls .  I t  sh o u ld  be  n o te d  t h a t ,  b e in g  a  mean 
v a lu e ,  i t  w i l l  be  exceeded  on some d a y s , o f te n  by  a  c o n s id e ra b le  am ount. 
One e x p e rie n c e  o f  an  * a l l —f u l l*  cloakroom  w i l l  outw eigh a  w hole s e r i e s  o f  
s a t i s f a c t o r y  v i s i t s  in  th e  mind o f  th e  u s e r ,  so  t h i s  l e v e l  i s  no t as 
generous as i t  so u n d s.
As d is c u s s e d  in  C h a p te r  4 ih e  s c a le s  p roposed  f o r  sch o o ls  and o f f i c e s  
have one t h i n g  in  common. A ll r e q u i r e  a  r e d u c t io n  in  e x i s t in g  p ro v is io n  
o f  w a sh -b a s in s , w ith  accom panying sa v in g s  i n  money and sp a c e . T h is  i s  
d e s p i te  th e  f a c t  t h a t  th e  model assumed t h a t  a l l  t o i l e t  u s e r s  washed t h e i r  
h a n d s . I f  o n ly  f o r  t h i s  i t  ought t o  be w o rth w h ile  im plem enting  th e  p ro ­
p o s a ls  as l e g i s l a t i o n  and t h i s  i s  i n  f a c t  a t  l e a s t  u n d er c o n s id e r a t io n .
The work on w a te r  demand by th e  cloakroom  was u n f o r tu n a te ly  c u r t a i l e d .
T his was p a r t l y  b ecau se  o f  a  la c k  o f  in fo rm a tio n  on usage r a t e s  and 
volum es in  cloakroom s o f  t h i s  ty p e .  Ind eed  i t  w i l l  be seen  in  S e c t io n  I I  
t h a t  d a t a  i s  la c k in g  on d e t a i l e d  w a te r  u sag e  in  a l l  b u i ld in g  ty p e s .
The com puter model d ev eloped  i s  s t i l l  in  u se  and cou ld  be a d ap ted  e a s i l y  
f o r  any cloakroom  a p p l ic a t io n .  As d e s c r ib e d  in  C h ap te r 6 i t  i s  en v isag e d  
t h a t  d e s ig n  le v e ls  f o r  p u b l ic  co n ven iences  sh o u ld  be o b ta in a b le  in  t h i s  
way.
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The two s tu m b lin g  b lo c k s  in  t h i s  as in  any o th e r  a p p l ic a t io n  a re  th e  
c o l l e c t io n  o f  d a t a  t o  fe e d  th e  model and th e  d e c is io n  as t o  th e  ty p e  and 
d e s ig n  l e v e l  o f  th e  ’ s a t i s f a c t io n *  c r i t e r io n *  These problem s e x i s t  in  a l l  
b u i ld in g  s e r v ic e  d e s ig n  — a t  l e a s t  in  t h i s  ca se  th e  l i n k  betw een  th e  two i s  
a v a i la b le *
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SECTION I I
DOMESTIC WATER RECYCLING
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8 .  WATER RECYCLING -  INTRODUCTION
T his s e c t io n  o f  th e  t h e s i s  d e s c r ib e s  an a t te m p t to  c o n s tru c t  a  com puter 
s im u la tio n  model o f  a  d o m estic  w a te r  su p p ly  system  in  w hich warm w aste  
w a te r  from  th e  b a th ,  b a s in  and w ashing  m achine i s  used  to  f lu s h  th e  WC.
The th in k in g  b eh in d  t h i s  scheme was b ased  on th e  need  to  in v e s t ig a t e  
any w a te r  s a v in g  p ro p o s a l w hich m ight p rove  eco n o m ica lly  v i a b l e .  In  
t h i s  case  n o t o n ly  co u ld  th e  w a te r f o r  WC f lu s h in g ,  which i s  n o rm ally  
f r e s h ,  p o ta b le  w a te r , be sav ed , b u t th e  o p p o r tu n i ty  e x i s t s  f o r  e x t r a c t i n g  
h e a t  energy  from  th e  w aste  w a te r .
The background to  t h i s  work can be q u ic k ly  o u t l in e d .  In  1975 th e  t o t a l  
p u b l ic  w a te r  su p p ly  in  E ngland and W ales was abou t 15*1 m i l l io n  m3/d a y ,  
o r  an av erag e  o f  307 l i t r e s / p e r s o n / d a y .  T h is  was d i s t r i b u t e d  a c c o rd in g  
to  T able 8 .1 .1 .  Of t h i s  f ig u r e  abou t 35% i s  consumed in  d w e ll in g s ,  
a v e ra g in g  abou t 110 l i t r e s / p e r s o n / d a y .  T h is i s  a g a in  d iv id e d  among th e  
v a r io u s  ho u seh o ld  a c t i v i t i e s  a c c o rd in g  to  T able 8 .1 .2 .  These f ig u r e s  a re  
quo ted  by Rump (1 9 ) ,  b ased  on v a r io u s  w a te r  su p p ly  a u th o r i t i e s *  r e p o r t s .
I n  1977 th e  C e n tra l W ater P la n n in g  U n it (2 0 ) e s tim a te d  th a t  by th e  y e a r  
2001 th e re  would be a  d e f ic ie n c y  o f  betw een 5 m i l l io n  and 9 m i l l io n  m3/ i a y .  
Subsequent e v e n ts  have le d  to  th e  b e l i e f  t h a t  t h i s  m ight be a  l i t t l e  p e s s i ­
m is t ic  b u t th e r e  w i l l  u n doub ted ly  be a  s h o r t f a l l  i f  th e  p r e s e n t  grow th in  
w a te r  use  c o n t in u e s .  An a l t e r n a t i v e  would be to  o f f s e t  th e  i n e v i t a b l e  grow th 
in  dom estic  and i n d u s t r i a l  u s e r s  by in t ro d u c in g  a  ran g e  o f  economy m easu re s . 
T his would have th e  e f f e c t  o f  a t  l e a s t  p o s tp o n in g  th e  developm ent o f  f u r t h e r  
r e s e r v o i r s  and d i s t r i b u t i o n  system s w ith  accom panying sa v in g s  in  money and 
in  en v iro n m en ta l te rm s . I n  any ev en t th e  av e ra g e  c o s t  o f  w a te r  a t  th e  ta p  
was 11 pence/m 3 in  1976, c o v e rin g  a l l  th e  p ro c e s s e s  in v o lv e d  i n  c a tc h in g ,  
s to r in g ,  t r e a t i n g  and d i s t r i b u t i n g  th e  w a te r .
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One o f  th e  methods p roposed  by Rump f o r  re d u c in g  th e  d o m e stic  w a te r 
consum ption  was th e  e l im in a t io n  o f  most o f  th e  WC use by r e c y l in g  w a te r  
from  o th e r  a p p l ia n c e s  w ith in  th e  d w e ll in g . I t  can be seen  from  th e  ta b le s  
t h a t  o f  th e  35$ o f  th e  p u b l ic  w a te r  su p p ly  u sed  i n  d w e ll in g s ,  33$ i s  used  
s im p ly  f o r  f lu s h in g  th e  WC. Sav ings h e re  co u ld  o b v io u s ly  have a  v e ry  
s i g n i f i c a n t  e f f e c t  on th e  o v e r a l l  p i c t u r e .  U n fo r tu n a te ly ,  ex cep t f o r  
th e  sm a ll m in o r ity  o f  d w e llin g s  w ith  a  m etered  su p p ly , th e r e  would be 
no f i n a n c i a l  in c e n t iv e  to  th e  h o u se h o ld e r  i n  a  scheme o f  t h i s  s o r t .  How­
e v e r ,  i f  th e  energy  c o n te n t o f  th e  w aste  w a te r  from  th e  v a r io u s  a p p lia n c e s  
co u ld  be e x t r a c te d  b e fo re  i t  was u sed  to  f lu s h  th e  WC, th e n  t h i s  m ight 
p ro v id e  th e  n e c e s s a ry  in c e n t iv e .
In  a  p ro p o sa l by Sm ith (2 1 ) en erg y  re c o v e ry  w ith o u t r e c y c l in g  was a ch iev ed  
by te m p o ra r i ly  s to r in g  th e  w aste  w a te r  in  a  ta n k  su rro u n d in g  a  second 
•p re h e a t*  ta n k .  T his p re h e a te d  th e  co ld  w a te r  su p p ly  t o  th e  h o t w a te r  
c y l in d e r .  T r i a l s  w ith  t h i s  su g g e s te d  th a t  th e  c a p i t a l  c o s ts  co u ld  be 
re c o v e re d  over a  p e r io d  o f  th r e e  y e a r s  by sa v in g s  in  h o t w a te r  h e a t in g .
A BRS team  had  a l re a d y  s t a r t e d  i n v e s t i g a t in g  th e  p r a c t i c a l i t i e s  o f  a  
combined system  when th e  p re s e n t  a u th o r  was asked  to  d ev e lo p  a  com puter 
s im u la tio n  model o f  i t .  T h is was to  be u sed  to  a s s e s s  th e  p erfo rm ance  
o f  th e  system  u n d er a  much g r e a t e r  ran g e  o f  c o n d it io n s  th a n  c o u ld  re a s o n a b ly  
be h an d led  i n  th e  l a b o ra to r y .  I n  a d d i t io n ,  a  r e a l i s t i c  model o f  d o m estic  
p a t t e r n s  o f  demand f o r  th e  w a te r  u s in g  a p p lia n c e s  was n eed ed , b ased  on 
such l im i te d  d a ta  a s  was a v a i l a b l e .
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Cat egory
Consum ption
use
L i t r e s /p e r s o n /d a y %
M etered In d u s try *  a g r i c u l tu r e  and commerce 95 31
U nmetered H ousehold
Commerce (shops* o f f ic e s *  e tc )  
M isce llan eo u s  ( f i r e  f ig h t in g ,  e t c )  
U naccounted ( le a k a g e , e t c )
T o ta l
100 -  120 
Up t o  20 
1
60 -  90 
201
33-39
7
1
20-29
N o n -p o tab le I n d u s t r i a l  p ro c e s s e s 11 4
T o ta l 307 100
TABLE 8 .1 .1  PUBLIC WATER SUPPLY
D is t r ib u t io n  o f  consum ption i n  England and Wales» 1975
Use
P e rc e n ta g e  
o f  t o t a l  
u se
L i t r e s /p e r s o n /d a y
WC f lu s h in g 3 3 .0 3 6 .5
P e rso n a l w ashing  and b a th in g 25 .0 2 8 .0
Laundry 12 .5 13.5
W ashing up 8 .5 9 -5
Car w ash ing  and gard en  use 3 .0 3 .0
D rin k in g , food p re p a ra t io n ,  
cook ing , c le a n in g  and o th e r 18.0 19.5
T o ta l 100 110
TABLE 8 .1 .2  DISTRIBUTION OF WATER CONSUMPTION WITHIN DWELLINGS
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9 . THE RECYCLING SYSTEM
9.1  D esign  o f  th e  System
I n  F ig u re  9*1*1 th e  w a te r  su p p ly  system  in  a  s ta n d a rd  UK d w e ll in g  i s  shown 
i n  s im p l i f ie d  fo rm . F ig u re  9*1*2 shows th e  s t r a t e g y  b eh in d  th e  r e c y c l in g  
sy stem . I n s te a d  o f  g o in g  d i r e c t l y  to  th e  d r a in ,  w aste  w a te r  from  th o s e  
a p p l ia n c e s  u s in g  h o t w a te r  i s  f e d  to  a  s to ra g e  ta n k , c a l le d  th e  w aste  
ta n k . One e x c e p tio n  i s  t h a t  th e  k i tc h e n  s in k  w aste  i s  n o t u se d , b e in g  
c o n s id e ra b ly  more g re a sy  and co n tam in a ted  th a n  th a t  u sed  in  p e rs o n a l  and 
c lo th e s  w ash ing . The c o ld  su p p ly  to  th e  h o t w a te r  c y l in d e r  i s  th e n  fe d  
th ro u g h  a  p re h e a t  ta n k  w hich i s  h e a te d  v ia  a  h e a t  exchanger by th e  w aste  
w a te r .  The w aste  i s  th e n  f e d  to  th e  WC c i s t e r n  when r e q u i r e d .
In  th e  f i r s t  v e r s io n  o f  th e  d e s ig n  th e  w aste  and p re h e a t ta n k s  were b o th  
lo c a te d  in  th e  l o f t ,  to  save  sp a c e . W ater from  th e  b a th  and wash b a s in  
was h e ld  i n  a  sm all t r a n s f e r  ta n k  b e fo re  b e in g  pumped up to  th e  w aste  ta n k .  
H eat exchange c o i l s  i n  th e  two main ta n k s  w ere l in k e d  by a  second pump 
to g e th e r  w ith  c o n t ro l  c i r c u i t r y  w hich o p e ra te d  th e  pump w henever th e  w aste  
w a te r  was more th a n  a  few  d e g re e s  h o t t e r  th a n  th e  p r e h e a t .  T h is  had th e  
d u a l d isa d v a n ta g e  o f  two pumps to  u se  e l e c t r i c a l  en e rg y , p lu s  a  c o n s id e ra b le  
amount o f  c o n t ro l  g e a r ,  l e v e l  s w itc h e s ,  e t c ,  r e q u i r in g  m a in ten a n ce .
The system  u l t im a te ly  d e c id e d  upon as  th e  s im p le s t  bu t most e f f e c t i v e  i s  
shown i n  F ig u re  9*1*3* H ere th e  w aste  ta n k  h as  become a  t a l l  c y l in d e r  
i n s t a l l e d  on th e  ground f l o o r ,  occupy ing  th e  same s o r t  o f  space  a s  a  
t y p i c a l  broom cupboard . I n s id e  i t  i s  a  s m a lle r  p re h e a t ta n k  w ith  a  h o llo w  
to p  s e c t io n  e n a b lin g  i t  to  f l o a t  i n  th e  w aste  w a te r .  Tfy h a v in g  th e  u n i t  
d o w n sta irs  th e  t r a n s f e r  ta n k  and main pump a re  no lo n g e r  r e q u i r e d .  W ater 
from  th e  bathroom  (assum ed u p s t a i r s )  s im p ly  d ro p s  i n to  th e  ta n k .  T hat 
from  th e  w ash ing  machine co u ld  be pumped in  by means o f  th e  m achine*s own 
pump.
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Because th e  p re h e a t ta n k  f l o a t s  i n  th e  w aste  w a te r  no pumped h e a t  exchanger 
i s  r e q u i r e d .  T ra n s fe r  o c c u rs  a u to m a tic a l ly  and a s  th e  warmest w aste  w a te r  
w i l l  n o rm a lly  he a t  th e  to p  th e  p re h e a t  ta n k  i s  i n  th e  b e s t  p la c e  f o r  
maximum t r a n s f e r .  The d isa d v a n ta g e  i s  t h a t  c o ld  w a te r  e n te r in g  th e  w aste  
ta n k  a l s o  flo w s ov er th e  p re h e a t  ta n k  and th e r e f o r e  c o o ls  i t .  One way 
round  t h i s  would be to  i n s t a l l  a  th e rm o s ta t ic  v a lv e  i n  th e  w aste  i n l e t  
to  d i v e r t  w a te r  c o ld e r  th a n  th e  e x i s t i n g  w aste  te m p e ra tu re  d i r e c t  to  th e  
d r a in .
One pump i s  s t i l l  n eeded , how ever. T h is  i s  co n n ec ted  to  a  p ip e  le a d in g  
from  th e  bo ttom  ( c o ld e s t )  s e c t io n  o f  th e  w aste  ta n k  and fe e d s  th e  WC c i s t e r n  
v i a  a  s ta n d a rd  b a l l  v a lv e  when e n e rg is e d  by a  l e v e l  s w itc h .
An o v erflo w  system  i s  p ro v id e d  whereby once th e  w aste  w a te r  l e v e l  re a c h e s  
a  c e r t a i n  l e v e l ,  an  in v e r te d  ‘U’-sh a p e d  p ip e  d is c h a rg e s  w a te r  from  th e  
bottom  o f  th e  ta n k  to  th e  d r a in .  S im i la r ly  a  l e v e l  sw itc h  n e a r  th e  bo ttom  
o f  th e  ta n k ,  o p e ra te d  by th e  p re h e a t  ta n k  d ro p p in g  below  a  c e r t a i n  l e v e l ,  
opens a  v a lv e  i n  th e  i n l e t  to  adm it m ains w a te r  and m a in ta in  a  minimum 
volume i n  th e  ta n k .
The p re h e a t  ta n k  i s  fe d  d i r e c t  from  th e  h o t w a te r  su p p ly  ta n k  i n  th e  ro o f  
and i s  th e r e f o r e  u nder c o n s ta n t p r e s s u r e .  No pump i s  needed  to  su p p ly  th e  
t a p s ,  a lth o u g h  w ider d ia m e te r  p ipew ork  m ight be needed to  red u ce  th e  p re s s u re  
l o s s e s .
T his sy stem , packaged a s  a  u n i t  i n  a  plywood box, became th e  s u b je c t  o f  a  
UK P a te n t  A p p lic a tio n  (2 2 ) i n  1978. The fo llo w in g  s e c t io n  w i l l  d e s c r ib e  th e  
v a r io u s  components o f  th e  la b o ra to ry  r i g  b u i l t  to  t e s t  th e  u n i t  b u t w i l l  n o t 
d w e ll on th e  d e t a i l s  o f  th e  developm ent o f  i t .
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9*2 The Experimental Rig
I n  an  a t te m p t to  e s t a b l i s h  th e  e f f e c t iv e n e s s  o r  o th e rw ise  o f  th e  r e c y c l in g  
sy stem , a  mock-up r i g  was c o n s tru c te d  i n  th e  la b o ra to r y  a t  BRS. I t  con­
s i s t e d  e s s e n t i a l l y  o f  two w a te r  system s s id e  by s id e ,  one o f  s ta n d a rd  
d e s ig n  and th e  o th e r  in c o rp o r a t in g  th e  r e c y c l in g  com ponents. The la b o ra to r y  
v e ry  c o n v e n ie n tly  had th r e e  f lo o r s  a v a i la b le  f o r  th e  p u rp o se .
Each r i g  h ad , on th e  to p  f l o o r ,  a  la rg e  in s u la te d  su p p ly  ta n k  fe d  by c o ld
w a te r  from  th e  m ains v i a  a  Kent w a te r  m e te r . On th e  f l o o r  below  was a  p a i r
o f  h o t w a te r c y l in d e r s ,  v e ry  w e ll i n s u l a t e d ,  h e a te d  by e l e c t r i c  im m ersion  
h e a t e r s .  The c y l in d e r  was fe d  d i r e c t  from  th e  ta n k  i n  th e  s ta n d a rd  v e r s io n  
and v i a  th e  p re h e a t ta n k  i n  th e  o th e r .  The o u t l e t  from  each  ta n k  was ta k e n  
v i a  a  v a lv e  to  a  th e rm o s ta t ic  m ix ing  v a lv e ,  where i t  met c o ld  w a te r  
s u p p lie d  from  th e  c o ld  ta n k  above. The o u t l e t  from  t h i s  was a  f l e x i b l e  
hose  which co u ld  be u sed  to  f i l l  e i t h e r  a  b a th  o r  wash b a s in .  Each r i g
a ls o  had a  WC s u i t e .  I n  th e  s ta n d a rd  system  t h i s  was a l s o  f e d  from  th e
c o ld  t a p ,  w h ile  in  th e  r e c y c l in g  system  i t  was fe d  from  th e  s to r a g e /h e a t  
exchanger u n i t .  T h is u n i t  was lo c a te d  on th e  ground f l o o r  u n d er th e  w aste  
p ip e s  from  b a th  and b a s in .
A sch em a tic  o f  th e  two system s i s  rep ro d u ced  i n  P ig  9 * 2 .1 . The aim o f  th e  
t e s t s  was to  s u b je c t  each  system  to  an  i d e n t i c a l  s e r i e s  o f  w a te r  demands 
and to  compare th e  am ounts o f  w a te r  u sed  to g e th e r  w ith  th e  e l e c t r i c i t y  
u sed  i n  th e  im m ersion h e a te r s  and i n  th e  pump.
I n  o rd e r  to  m o n ito r th e  perform ance o f  each  system  and i n  p a r t i c u l a r  t h a t  
o f  th e  r e c y c l in g  v e r s io n ,  a  number o f  therm o co u p les  were p o s i t io n e d  a t  
s t r a t e g i c  p o in ts  and connec ted  to  a  p a i r  o f  Kent 16—channe l c h a r t  r e c o r d e r s .
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In  t h i s  way te m p e ra tu re s  th ro u g h o u t th e  system  co u ld  be re c o rd e d  and 
th e y  p ro v id e d  in fo rm a tio n  on th e  d e t a i l e d  w ork ing  o f ,  f o r  in s ta n c e ,  th e  
h e a t  exchange u n i t ,
A b r i e f  d e s c r ip t io n  o f  th e  v a r io u s  p a r t s  o f  th e  r i g  sh o u ld  se rv e  to  c l a r i f y  
th e  s i t u a t i o n :
a )  Hot w a te r  c y l in d e r
The two c y l in d e r s  were i d e n t i c a l  copper c y l in d e r s  o f  th e  s ta n d a rd  d o m estic  
ty p e ,  h o ld  135 l i t r e s  o f  w a te r .  In  th e  e a r ly  v e r s io n  a  c o n v e n tio n a l to p  
e n t ry  h e a t e r  was u sed  b u t th e  l a t e r  v e r s io n  em ployed a  h o r iz o n ta l  h e a t e r  
mounted low down on th e  s id e  o f  th e  c y l in d e r .  W ater below  t h i s  was h a rd ly  
h e a te d ,  le a v in g  an  e f f e c t iv e  volume o f  abou t 120 l i t r e s .  Three therm o­
co u p les  were p o s i t io n e d  on th e  s id e  o f  th e  c y l in d e r  a t  to p ,  m id d le , and
bo ttom . The w a te r  from  th e  to p  o f  th e  c y l in d e r  was ta k e n  th ro u g h  a  s e r i e s
o f v a lv e s  to  one o f  two m ix ing  v a lv e s .  One was s e t  a t  a  h ig h  te m p e ra tu re
(40°C) and th e  o th e r  a t  c o ld  w a te r te m p e ra tu re  (10°C), T his meant t h a t
h ig h  te m p e ra tu re  w a te r  co u ld  be u sed  to  f i l l  th e  b a th ,  b a s in  e t c  w ith o u t 
h av in g  to  r e s e t  th e  v a lv e  each  tim e  c o ld  w a te r  was n eed ed . The o u tp u t 
from  each  m ixer a l s o  housed  a  th e rm o co u p le . F ig u re  9»2.2 shows th e  
arrangem ent o f  th e  v a lv e s .
Each c y l in d e r  was w e ll in s u la te d  by a  doub le  la y e r  ta n k  ja c k e t  and th e  h o t 
p ip e s  were a l s o  p r o te c te d .  Each im m ersion h e a te r  was f e d  by a  s e p a ra te  
e l e c t r i c i t y  m e te r so t h a t  th e  r e s p e c t iv e  energy  consum ptions co u ld  be 
m o n ito red . The h e a te r s  had  a s s o c ia te d  th e rm o s ta ts  s e t  t o  sw itc h  on and o f f  
a t  th e  same te m p e ra tu re s  i n  b o th  c y l in d e r s .  The a c c u ra c y  o f  t h i s  was 
checked by lo g g in g  te m p e ra tu re s  w ith  th e  h e a te r s  sw itch ed  on and n o t in g
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th e  v a lu e s  a t  which th e  te m p e ra tu re  s t a r t i n g  r i s i n g  and f a l l i n g .
b ) A pp liances
A t o t a l  o f  two b a th s ,  two wash b a s in s  and two WC s u i t e s  were i n s t a l l e d  i n  
th e  r i g .  Both b a th s  and b a s in s  were c a l ib r a t e d  i n  l i t r e s  by l i n e s  drawn 
i n  w a te rp ro o f  m arker pen on th e  s id e s .  I t  was th u s  p o s s ib le  to  draw  o f f  
a  known volume i n  each  c a s e .  One b a th  and one b a s in  d is c h a rg e d  in to  a  
s in g le  w aste  p ip e  which le d  d i r e c t l y  to  th e  to p  o f  th e  w aste  ta n k  on th e  
f l o o r  below . The o th e r  p a i r  d is c h a rg e d  a s  norm al to  th e  d r a in s .  A 
therm ocouple ju n c t io n  suspended  o v er each  f i t t i n g  was im mersed i n  w a te r  
each  tim e  i t  was u se d .
I n  th e  case  o f  th e  b a th  and b a s in  i n  th e  s ta n d a rd  s id e  o f  th e  r i g ,  th e  
re q u ir e d  volume o f  w a te r  a t  th e  d e s i r e d  te m p e ra tu re  was l e t  i n t o  th e  
a p p l ia n c e , th e n  th e  p lu g  was p u l le d  im m ed ia te ly . On th e  r e c y c l in g  s id e  
th e  b a th  was l e f t  to  coo l f o r  a  p re d e te rm in e d  p e r io d  so t h a t  th e  w a te r  
dumped in to  th e  w aste  ta n k  was a t  a  r e a l i s t i c  te m p e ra tu re • On th e  o th e r  hand 
th e  b a s in  was assumed to  be em ptied  a s  soon a s  i t  was f u l l .
As e x p la in e d  b e fo re  th e  v a r io u s  a p p l ia n c e s  were f i l l e d  n o t from  ta p s  b u t 
v i a  a  m ixer v a lv e  c o n t r o l l i n g  th e  f lo w  from  th e  r e le v a n t  h o t w a te r  c y l in d e r  
and c o ld  su p p ly  ta n k .  U ses o f  th e  k i tc h e n  s in k  i n  th e  r e c y c l in g  system  
were made v ia  th e  b a s in  i n  th e  s ta n d a rd  r i g  a s  a lth o u g h  th e  d ra w -o ff  had  
to  be s im u la te d  th e  w aste  w a te r  was n o t u sed  f o r  r e c y c l in g .  S im i la r ly  th e  
use  o f  a  w ashing  m achine was s im u la te d  v i a  th e  b a th  and th e  a p p r o p r ia te  
volume dumped in to  th e  w aste  ta n k .
One s l i g h t  in a c c u ra c y  a ro s e  because  th e  k i tc h e n  s in k  u sed  c o ld  w a te r  from  
th e  ta n k  r a th e r  th a n  d i r e c t l y  from  th e  m ains; i t  was th e r e f o r e  o f te n  
warmer th a n  u s u a l .  However, a s  th e  same a p p l ie d  to  b o th  system s th e
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r e l a t i v e  perform ance was n o t a f f e c t e d .
The WC s u i t e  on th e  s ta n d a rd  p a r t  o f  th e  r i g  was fe d  from  th e  a p p ro p r ia te  
c o ld  su p p ly  ta n k  and was u n m o d ified . The r e c y c l in g  v e r s io n  was f e d  from  
th e  b ase  o f  th e  w aste  ta n k  on th e  f l o o r  below , v i a  an e l e c t r i c  pump.
T his was a c tu a te d  by a  l e v e l  sw itc h  i n  th e  c i s t e r n  which c lo se d  a  r e l a y  
when th e  w a te r  l e v e l  was l e s s  th a n  t h a t  r e q u ir e d  f o r  a  s ta n d a rd  9 l i t r e  
f l u s h .  The e l c t r i c a l  f e e d  to  th e  pump was ta k e n  th ro u g h  a  t h i r d  e l e c t r i c i t y  
m e te r so  t h a t  i t s  consum ption co u ld  be r e c o rd e d .  The two WCs w ere a rra n g e d  
to  g iv e  i d e n t i c a l  f lu s h  volum es. As i s  o f te n  th e  case  a  nom inal 9 l i t r e  
c i s t e r n  a c t u a l l y  f lu s h e s  ab o u t 10 l i t r e s  a s  . some o f  th e  w a te r  e n te r in g  
th ro u g h  th e  b a l l  v a lv e  i s  f lu s h e d  in t o  th e  p an .
c )  H eat exchange u n i t
The h e a t  exchange u n i t  c o n s is te d  o f  th e  w aste  ta n k  w ith  th e  p re h e a t ta n k  
in s id e  i t ,  p lu s  th e  a s s o c ia te d  p ipew ork . A ll was housed  i n  a  plywood box 
l i n e d  w ith  $0 mm expanded p o ly s ty re n e  in s u l a t i o n .
The w aste  ta n k  was a  c y l in d e r  ab o u t 2 m e tre s  h ig h  by 0 .4  m in  d ia m e te r .
(See F ig u re  9*2*3)* I n  th e  f i r s t  v e r s io n  o f  t h i s  d e s ig n  th e  w aste  ta n k  
was c o n s tru c te d  o f  c l e a r  p e rsp e x  so  t h a t  th e  movement o f  th e  p r e h e a t . 
ta n k  c o u ld  be o b se rv ed . The second v e r s io n  c o n s is te d  o f  g rey  opaque 
p l a s t i c .  The c o n ic a l  base  was s u p p o r te d  by a  s t e e l  r i n g .  I n  th e  b ase  
was th e  o u t l e t  to  th e  o v e rflo w , w h ile  a  l i t t l e  h ig h e r  was th e  o u t l e t  to  
th e  WC su p p ly  pump. The ta n k  was d e s ig n e d  to  h o ld  a  maximum o f  150 l i t r e s  
o f  w a te r .  The c o n ic a l  b ase  was in te n d e d  to  red u ce  to  a  minimum th e  
a c c u m u la tio n  o f  heavy w aste  m a te r ia l .  I n to  th e  to p  o f  th e  w aste  ta n k  
were co n n ec ted :
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a )  th e  c o ld  f e e d  and r e tu r n  f o r  th e  p re h e a t  ta n k ;
b )  th e  w aste  i n l e t  from  th e  b a th  and b a s in  on th e  f l o o r  above;
c )  th e  co ld  i n l e t  f o r  make-up when th e  w aste  w a te r  l e v e l  f e l l  t o
w ith in  a  s e t  l i m i t  o f  th e  WC o u t l e t ;
d )  a  v e n t connec tion*
The p re h e a t  ta n k  was made o f  copper and was d e s ig n e d  to  f i t  in s id e  th e  
w aste  ta n k  w ith  o n ly  5 mm to  sp a re  a l l  ro u n d . PTPE s l i d e r s  were f i t t e d  
a t  i n t e r v a l s  around th e  c irc u m fe ren c e  to  g u id e  th e  ta n k  a s  i t  ro s e  and
f e l l .  The ta n k  xvas abou t 0 .5  m t a l l  by 0 .4  m i n  d ia m e te r  and h e ld  'JO l i t r e s
o f w a te r .  I n  th e  e a r ly  v e rso n  th e  ta n k  was su p p o rte d  by a  f l o a t  con­
s i s t i n g  o f  a  120 mm th i c k  la y e r  o f  p o ly s ty re n e  bonded to  th e  to p  and
c o a te d  to  ex c lu d e  w a te r .  The l a t e r  v e r s io n  sim ply  used  a  s e a le d ,  em pty, 
copper f l o a t ,  d e s ig n e d  so t h a t  ab o u t 30 nun p r o je c te d  above th e  w aste  w a te r  
l e v e l .  The ta n k  was co n n ec ted  by two c o i le d  f l e x i b l e  p l a s t i c  h o ses  
a t ta c h e d  to  b ra s s  c o n n e c to rs  on to p  o f  th e  p re h e a t  ta n k  and on th e  s id e s  
o f  th e  w aste  ta n k .  The su p p ly  was ta k e n  to  th e  bottom  o f  th e  ta n k  by an 
i n t e r n a l  p ip e ,  so t h a t  warm w a te r  was d is p la c e d  upw ards by th e  c o ld .
One u n fo r tu n a te  a c c id e n t ,  which d e la y e d  p ro g re s s  c o n s id e ra b ly ,  o c c u rre d  
when th e  p re h e a t  ta n k  was b e in g  f i l l e d  from  a  hose a t ta c h e d  to  th e  m ains 
w a te r  su p p ly . As th e  o u t l e t  from  th e  ta n k  had  been  s e a le d ,  th e  p re s s u re  
caused  th e  copper ta n k  to  ru p tu re  and t h i s  s h a t t e r e d  th e  p e rs p e x  w aste  
ta n k .
T em peratu res i n  th e  two ta n k s  were m on ito red  t y  a  s e r i e s  o f  th e rm o c o u p le s . 
These were p o s i t io n e d  a s  shown i n  P ig  9*2.4* Numbers 1 , 3, 5 and. 7 
were mounted on a  s t i c k  f i t t e d  i n  th e  p re h e a t ta n k  midway betw een th e
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c e n t r a l  v e r t i c a l  a x is  and th e  o u te r  c irc u m fe re n c e , l& is  p o s i t i o n  was 
chosen  b ecause  p re v io u s  t e s t s  had shown t h a t  c o n v e c tio n  c u r r e n ts  w ere 
s e t  up in v o lv in g  th e  w a te r  moving up o r  down a t  th e  c e n t r e  and a t  th e  
s id e s ,  w h ile  th e  midway p o s i t i o n  was r e l a t i v e l y  s t a b l e .  J u n c tio n s  2 , 4»
6 and 8 were s tu c k  to  th e  o u ts id e  o f  th e  p re h e a t  ta n k  to  re c o rd  te m p e ra tu re s  
i n  th e  an n u lu s  betw een th e  two ta n k s .  Numbers 9 and. 10 were f i t t e d  to  
a  s t a l k  p r o je c t in g  below  th e  p re h e a t  ta n k  so  t h a t  th e y  alw ays m o n ito red  
th e  w aste  w a te r  im m ed ia te ly  below  th e  h e a t  exchange s u r f a c e .
I n  th e  f i n a l  v e r s io n  o f  th e  u n i t ,  e x t r a  ju n c t io n s  were i n s t a l l e d  a t  
in te rm e d ia te  p o in t s ,  p a r t l y  so t h a t  e x t r a  d e t a i l  co u ld  be o b ta in e d  i f  
r e q u i r e d ,  b u t m ain ly  so  t h a t  re p la c e m e n ts  were a v a i la b le  i n  th e  e v e n t 
o f a  ju n c t io n  f a i l i n g .
I n  a d d i t io n  to  th e  the rm ocoup les  a  d e v ic e  was i n s t a l l e d  w hich t r a n s l a t e d  
th e  h e ig h t  o f  th e  p re h e a t  ta n k  in to  a  DC v o lta g e  which co u ld  be a p p l ie d  
to  one channe l o f  th e  K ent r e c o r d e r .
The s iz e s  o f  th e  two ta n k s  had been  a r r iv e d  a t  a f t e r  e x p e rim e n tin g  w ith  
th e  f i r s t  d e s ig n  o f  th e  system  i n  which two s e p a ra te  ta n k s  w ere i n s t a l l e d  
i n  th e  ro o f  sp a c e .
d )  M o n ito rin g  s y s te m <
The m ain method o f  m o n ito r in g  th e  perfo rm ance o f  th e  two r i g s  was by 
means o f  th e  w a te r  and e l e c t r i c i t y  m e te rs  i n s t a l l e d  a s  d e s c r ib e d  ab o v e . 
R eading  were ta k e n  a t  th e  s t a r t  o f  a  s im u la t io n  ru n  and a t  th e  end and 
a f t e r  a  few  sim ply  c la c u la t io n s  i t  was p o s s ib le  to  d e r iv e  th e  am ounts o f  
energy  and w a te r  consumed by each sy stem , h a v in g  been s u b je c te d  to
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i d e n t i c a l  u sa g e . T his usage  w i l l  be d is c u s s e d  l a t e r  b u t i t  i s  obvious 
t h a t ,  a lth o u g h  s t r a ig h t f o r w a r d ,  t h i s  method g iv e s  no in s ig h t  in to  how 
each  system  perfo rm ed  i n  d e t a i l .
To do t h i s ,  and to  p ro v id e  d a ta  e s s e n t i a l  f o r  th e  developm ent o f  a  
com puter s im u la tio n  m odel, the rm ocoup les  were i n s t a l l e d  a t  a  number o f  
p o in ts  th ro u g h o u t th e  r i g ,  a s  e x p la in e d  ab o v e . These m o n ito red  te m p e ra tu re s  
i n  th e  h o t w a te r  c y l in d e r s ,  i n  th e  h e a t  exchange u n i t ,  i n  th e  co ld  w a te r  
su p p ly  ta n k s ,  i n  th e  b a th s  and wash b a s in s ,  i n  th e  o u t l e t s  from  th e  m ixer 
v a lv e s  and i n  th e  a i r .
The p a i r  o f  w ire s  from  each  ju n c t io n  was ta k e n  to  a  c e n t r a l  te rm in a l  b lo c k . 
One w ire  was th e n  co n n ec ted  to  a  s in g le  la rg e  w ire  im m ersed i n  a  P r i g i s t o r ,  
p ro v id in g  a  c o n s ta n t 0°C c o ld  ju n c t io n .  The o th e r  w ire  co u ld  th e n  be 
co n n ec ted  to  one ch an n e l i n  one o f  two K ent 16 -ch an n e l v o lta g e  r e c o r d e r s .
The common l i n e  i n  each  K ent was co n n ec ted  to  th e  c o ld  ju n c t io n .
The Kent r e c o rd e r s  p roduced  a  p a p e r c h a r t  a t  a  c o n s ta n t sp eed ; n o rm a lly  
■J- i n .  p e r  m in. d u r in g  p e r io d s  o f  i n t e r e s t ,  s lo w er a t  o th e r  tim e s  to  con serv e  
p a p e r .  Each channe l was s e le c te d  i n  t u r n  by a  s e l e c t o r  s w itc h  and a  p o in t ,  
i d e n t i f i e d  by th e  ch an n e l number, was p r in t e d  on th e  c h a r t  by a  c o lo u re d  
in k  p en . The d e f l e c t i o n  o f  th e  p o in t  from  some r e f e r e n c e  l i n e  r e p re s e n te d  
th e  therm ocouple v o lta g e  and hence th e  te m p e ra tu re .  I n  norm al u se  th e  
p r i n t —r a t e  was 5 s e c s ,  so t h a t  each  ch an n e l was scanned  once e v e ry  80 s e c s .  
This was q u i te  f re q u e n t enough f o r  a l l  b u t th e  most r a p id l y  chan g in g  
te m p e ra tu re s .
In  g e n e ra l u s e ,  one K ent r e c o rd e r  m o n ito red  th e  th e rm o co u p les  i n  th e
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h e a t  exchange u n i t ,  w h ile  th e  o th e r  re c o rd e d  te m p e ra tu re s  from  o th e r  
p a r t s  o f  th e  sy stem . However, a s  p a r t  o f  th e  developm ent o f  th e  s im u la tio n  
m odel, i t  was d e c id e d  to  s tu d y  th e  h e a t in g  and c o o lin g  o f  th e  h o t w a te r  
c y l in d e r s  i n  more d e t a i l .  To t h i s  end , f u r t h e r  th e rm o co u p les  were 
a t ta c h e d  to  one o f  th e  c y l in d e r s  and a  s e r i e s  o f  s p e c ia l  t e s t s  were 
conducted  to  e s t a b l i s h  th e  d eg ree  o f  s t r a t i f i c a t i o n  d ev e lo p ed  w ith in  i t .
The m ain ad v an tag e  o f  th e  c h a r t  r e c o rd e r  app ro ach  was t h a t  i t  was e a sy  to  
o b ta in  a  v i s u a l  p i c tu r e  o f  th e  way th e  te m p e ra tu re s  i n  d i f f e r e n t  p a r t s  
o f  th e  system  v a r ie d  i n  re sp o n se  to  s p e c i f i c  e v e n ts .  T h is  g r e a t ly  
enhanced th e  u n d e rs ta n d in g  o f  th e  v a r io u s  p ro c e s s e s  in v o lv e d . F o r 
exam ple, F ig  9*2 .5  shows th e  e f f e c t  on s ix  s e le c te d  th e rm o co u p le s  when 
th e  p re h e a t t a n k ’s  warm c o n te n ts  were su d d en ly  f lu s h e d  o u t w ith  c o ld  w a te r .
The d isa d v a n ta g e  o f  th e  c h a r t  r e c o r d e r  a ro s e  when i t  became n e c e s s a ry  to  
d e te rm in e  th e  h e a t  t r a n s f e r  e q u a tio n s  f o r  v a r io u s  p a r t s  o f  th e  sy stem .
I n  o rd e r  f o r  th e  com puter program  to  model a c c u r a te ly  th e  c y l in d e r s ,  f o r  
exam ple, th e  r a t e  a t  w hich h e a t  was l o s t  to  th e  atm osphere  was needed  a s  
d a t a .  To f in d  t h i s ,  a  s e r i e s  o f  v a lu e s  o f  th e  te m p e ra tu re s  o f  d i f f e r e n t  
p a r t s  o f  th e  c y l in d e r  i n  r e l a t i o n  to  th e  a i r  te m p e ra tu re  was n eed e d . I n  
th e  e a r ly  s ta g e s  o f  th e  w ork, th e s e  v a lu e s  were o b ta in e d  by la b o r io u s ly  
m easu rin g  d e f l e c t i o n s  on th e  c h a r t  and c o n v e r t in g  each  one to  a  te m p e ra tu re  
d i f f e r e n c e •
To ea se  t h i s  p ro ced u re  i t  was d ec id ed  t h a t  an  a tte m p t would be made to  
lo g  a l l  th e  te m p e ra tu re s  on m in ia tu re  d a ta  lo g g e r s .  The lo g g e rs  u sed  
were m anufac tu red  by M ic ro d a ta  L td  and were c a p a b le  o f  m o n ito r in g  up to  
12 ch an n e ls  a t  any scan  r a t e ,  w r i t in g  th e  d a ta  i n  d i g i t a l  form  on m ag n e tic  
c a s s e t t e  t a p e .  The ta p e s  co u ld  be p ro c e sse d  by com puter and th e  te m p e ra tu re s  
cou ld  be c a lc u la te d  d i r e c t l y  and fe d  in to  a n a ly s i s  program s a l re a d y  
d ev eloped  (se e  C hap ter 1 0 ).
2 0 0
Two lo g g e rs  were u s e d , one co n n ec ted  to  each Kent r e c o r d e r .  One ch an n e l 
on each  r e c o rd e r  was s a c r i f i c e d  a s  a  t r i g g e r  channe l f o r  th e  lo g g e r .  The 
lo g g e rs  c o n s is te d  o f  two in te rc o n n e c te d  b o x es , one c o n ta in in g  ta p e  t r a n s p o r t ,  
m u l t ip le x o r ,  an a lo g u e  to  d i g i t a l  c o n v e r te r ,  c r y s t a l  c lo c k  o s c i l l a t o r ,  e t c .
The second c o n ta in e d  12 i n t e r f a c e  c a rd s  to  p ro c e s s  d a ta  from  tr a n s d u c e r s  
to  a  form  s u i t a b l e  f o r  r e c o rd in g  on th e  ta p e .  Channel 1 c o n ta in e d  a  
s p e c ia l  c a rd  w hich p ro v id e d  a  r e f e r e n c e  c a l i b r a t i o n  check and i n  a d d i t io n  
was co n n ec ted  to  ch an n e l 16 o f  th e  K ent r e c o r d e r .  E very  tim e  ch an n e l 16 
was s e le c te d ,  th e  M ic ro d a ta  lo g g e r  scanned  a l l  12 o f  i t s  in p u t c h a n n e ls .
The o th e r  11 ch an n e ls  each  c o n ta in e d  an  a m p l i f i e r  co n n ec ted  to  one o f  th e  
th e rm o co u p le s . The v o lta g e  g e n e ra te d  by th e  therm ocoup le  was a m p lif ie d  
up to  a  f u l l - s c a l e  v a lu e  o f  4 v o l t s  th e n  co n v e rte d  to  a  d i g i t a l  v a lu e  f o r  
s to ra g e  on th e  t a p e .
U sing  t h i s  te c h n iq u e  i t  was p o s s ib le  to  lo g  a u to m a tic a l ly  22 o f  th e  
therm ocouple  ju n c t io n s  and save on te d io u s  c h a r t  m easurem ents. As th e  
lo g g e rs  scanned  ev e ry  80 seco n d s , by s t a r t i n g  b o th  K ents and M ic ro d a ta s  
s im u lta n e o u s ly  and n o t in g  th e  s t a r t  t im e , i t  was p o s s ib le  to  g e n e ra te  
tim ed  te m p e ra tu re  v a r i a t i o n s  f o r  a l l  22 c h a n n e ls , w h ile  a t  th e  same 
tim e c o n tin u in g  to  o b ta in  a  p i c t o r i a l  r e c o rd  on th e  c h a r t .
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9*3 R e s u lts  from  t r i a l s
In  o rd e r  to  p ro v id e  some id e a  o f  th e  l i k e l y  perfo rm ance o f  th e  r e q y c l in g  
u n i t  d e s c r ib e d  so f a r ,  two ty p e s  o f  t r i a l  ru n  were c a r r i e d  o u t .  The f i r s t  
ty p e  o f  t r i a l  to  be conducted  was th e  s im u la t io n  o f  a  week’s usage  o f  th e  
do u b le  r i g .  F o r t h i s  p u rp o se  a  d a i ly  sequence o f  o p e ra t io n s  was d e v ise d  
w hich co u ld  be r e p e a te d  ev e ry  day f o r  f iv e  w ork ing  d a y s . At th e  end  o f  
t h i s  tim e th e  v a r io u s  m e te rs  cou ld  be re a d  to  compare th e  perfo rm ance 
o f  th e  two sy stem s.
One o f  th e  demand p a t t e r n s  used  i s  rep ro d u ced  i n  T able 9«3*1* The l i m i t a t i o n
o f  a  s im u la tio n  where one man h as  to  c a r ry  ou t a l l  th e  o p e ra t io n s  d u r in g  
w orking  h o u rs  a re  o b v io u s . I t  can  be seen  t h a t  a l l  a c t i v i t y  o ccu rs  
betw een 9*15 1 6 .3 0 , w ith  c o n v e n ie n tly  spaced  b re a k s  f o r  c o f fe e  and
lu n c h  p e r io d s .  T h is o b v io u s ly  b e a rs  l i t t l e  resem b lance  to  th e  s o r t  o f  
demand p a t t e r n s  t h a t  would be im posed on a  r e a l  sy stem , and even though  
b o th  v e r s io n s  were s u b je c te d  to  th e  same demand, th e  com p ara tiv e  s tu d y  
was o n ly  v a l id  u n d er th e s e  p a r t i c u l a r  c o n d i t io n s .  In  r e a l i t y  th e  demand
f o r  w a te r  u s in g  a p p lia n c e s  in  a  d w e ll in g  depends p a r t l y  on th e  number o f
o c c u p a n ts . I t  a l s o  depends on t h e i r  a g e s , t h e i r  a c t i v i t i e s  d u r in g  th e  
day and in  p a r t i c u l a r  on th e  random v a r i a t i o n s  which p a r t i c u l a r  c ircum ­
s ta n c e s  impose on a  r o u t in e .  T h is  s o r t  o f  v a r i a t i o n  m ight have u n fo re ­
seen  e f f e c t s  on th e  perfo rm ance o f  th e  m odel. F o r in s ta n c e  s e v e r a l  b a th s  
i n  q u ic k  su c c e s s io n  would cause  th e  w aste  ta n k  to  o v e rflo w , lo s in g  w a te r  
b e fo re  th e  h e a t  cou ld  be e x t r a c te d  from  i t .
The o n ly  way to  t e s t  th e  e f f e c t s  o f  such  v a ry in g  demand p a t t e r n s  w ith o u t 
i n s t a l l i n g  th e  system  in  someone’ s house was to  c r e a te  a  com puter sim u­
l a t i o n  m odel. T h is model needed a  la rg e  amount o f d a ta  from  th e  t e s t  r i g  
so  t h a t  th e  m echanical and p h y s ic a l  c h a r a c t e r i s t i c s  co u ld  be re p ro d u ced
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f a i t h f u l l y .  To t h i s  end a  f u r t h e r  s e t  o f  t r i a l  ru n s  was conducted  in  
which c e r t a in  sequences o f  e v e n ts  were p erfo rm ed . The r e s u l t i n g  
c h a r t  r e c o rd s  and lo g g e r  c a s s e t t e s  p ro v id e d  in fo rm a tio n  from  w hich th e  
p a ra m e te rs  o f  th e  model co u ld  he e s t a b l i s h e d .  The most im p o rta n t 
i n t e r a c t io n s  s tu d ie d  i n  t h i s  way w ere th e  v a r io u s  h e a t  t r a n s f e r  p ro c e s s e s ,  
b o th  f o r  th e  h o t w a te r  c y l in d e r  and th e  h e a t  exchange u n i t .  The t e s t s  
u sed  and th e  u se  to  w hich th e  r e s u l t s  were p u t a re  d is c u s s e d  in  th e  n e x t 
c h a p te r .
I n  th e  meantime th e  f u l l  s c a le  t r i a l s  d e s c r ib e d  a t  th e  b e g in n in g  o f  t h i s  
s e c t io n  d id  have some u se  in  t h a t  th e y  p ro v id ed  v a lu e s  f o r  th e  s o r t  o f  
w a te r  and energy  sa v in g s  w hich co u ld  be a c h ie v e d . A number o f  demand 
p a t t e r n s  were u sed  b ased  on th e  number o f  o ccu p an ts  assumed to  be u s in g  
th e  system . U sing  s e v e ra l  d a ta  so u rc e s  (s e e  C hap ter 1 1 ), v a lu e s  f o r  th e  
mean number o f  b a th s  p e r  p e rso n  p e r  week o r  WC u se s  p e r  day had  been  
o b ta in e d , and th e s e  form ed th e  b a s i s  o f  th e  demand seq u en ce .
I ^ p i c a l ly  th e s e  t r i a l s  r e v e a le d  t h a t  i n  th e  r e c y c l in g  system  w a te r  s a v in g s  
o f abou t 35$ cou ld  be ach iev ed  o v er th e  s ta n d a rd  sy stem . T h is  r e p re s e n te d  
th e  v i r t u a l l y  com plete e l im in a t io n  o f  th e  u se  o f  f r e s h  w a te r  f o r  WC f l u s h ­
in g  and was o b v io u s ly  v e ry  s a t i s f a c t o r y .  The en erg y  s a v in g s  on th e  o th e r  
hand were l e s s  d ra m a tic . 20$ to  25$  ap p ea red  to  be th e  norm , w hich 
w h ile  w orth  a c h ie v in g , p ro b a b ly  d id  n o t j u s t i f y  th e  c a p i t a l  c o s t  o f  th e  
u n i t .  I t  rem ained  to  be seen  w hether th e  com puter model s u p p o r te d  th e s e  
f i g u r e s .
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Time Use Volume T em perature
9 .1 5 WC
9 .2 0 WC
9 .25 B ath 60 Mixed (Empty 9*40)
9 .3 0 WC
9 .35 B asin 3 Mixed
9 .4 0 B asin 6 Mixed
9 .5 0 WC
10.00 WC
10 .10 B asin 6 Mixed
10.15 B asin 3 Mixed
10.20 B asin 6 Mixed
10 .30 WC
11.00 S ink 8 Mixed
11.05 Sink 8 Mixed
11 .10 w/ m 50 Mixed (E np ty  1 1 .2 5 )
11 .40 w/ m 50 Mixed (S n p ty  1 2 .0 5 )
11.45 WC
11.50 WC
11.55 B asin 3 Mixed
12.00 S ink 6 Mixed
12.05 WC
12.10 Bas in 2 Cold
12 .20 S ink 6 Mixed
12.25 WC
2 .0 0 B ath 50 Mixed (Etapty 2 .1 5 )
2 .0 5 WC
2 .1 0 WC
2 .1 5 S ink 8 Mixed
2 .2 0 WC
2 .2 5 WC
2 .3 0 WC
2 .3 5 B asin 3 Mixed
2 .4 0 WC
2 .4 5 WC
2 .5 0 B asin 2 Cold
3 .0 0 B asin 6 Mixed
3«15 B as in 2 Cold3 .2 0 WC
4 .0 0 WC
4 .0 5 S ink 8 Mixed
4 .1 0 WC
4 .1 5 B asin 2 Cold
4 .2 0 B asin 6 Mixed
4 .2 5 B asin 2 Cold
4 .3 0 B asin 6 Mixed
TABLE 9 .3 .1  EXAMPLE OP DEMAND PATTERN
S im ula ted  4 -p e rso n  demand u sed  on la b o ra to r y  r i g
2 0 9
10. THE COMPUTER MODEL
10.1 G eneral Approach
When t r y i n g  to  d ec id e  on th e  b e s t  app roach  to  th e  developm ent o f  a  
s im u la tio n  model o f th e  r e c y c l in g  system  a  m ajor d i f f e r e n c e  betw een 
t h i s  and th e  s a n i t a r y  accommodation model (C h ap te r  3) became a p p a re n t.  
A lthough s t i l l  e s s e n t i a l l y  an  e v e n t - o r ie n te d  system  in  t h a t  u se s  o f  th e  
v a r io u s  a p p l ia n c e s  were e v e n ts  o c c u r r in g  a t  d i s t i n c t  p o in t s  in  t im e , i t  
was co m p lica ted  by th e  f a c t  t h a t  co n tin u o u s  p ro c e s s e s  had to  be m odelled  
a s  w e l l .  These were o f  co u rse  th e  v a r io u s  h e a t  t r a n s f e r  p ro c e s s e s  and 
a lth o u g h  in  f a c t  co n tin u o u s  th e y  c o u ld  a d e q u a te ly  be m odelled  by exam in ing  
th e  system  a t  d i s c r e t e  b u t sm all tim e  i n t e r v a l s .
Because th e  h e a t  t r a n s f e r  n e c e s s i t a te d  re p e a te d  sc a n n in g  o f  p a r t s  o f th e  
model i t  was d ec id ed  th a t  F o r t r a n  r a t h e r  th a n  CSL sho u ld  be th e  language  
o f  th e  m odel. In  t h i s  way a  s ta n d a rd  e v en t system  co u ld  have superim posed  
on i t  r a p id  scan n in g  o f  sm a ll s e c t io n s  o f  th e  m odel. T h is co u ld  n o t have 
been  done in  CSL w ith o u t r e p e a te d ly  sc a n n in g  th e  whole p rogram . However, 
as  w i l l  be seen  l a t e r ,  u se  was made o f  some o f  th e  f e a tu r e s  o f  CSL by 
c a l l i n g  ro u t in e s  from  th e  main p rogram . T his te c h n iq u e  p roved  v e ry  s u c c e s s ­
f u l  and en ab led  th e  model to  u t i l i s e  th e  ad v an tag es  o f  b o th  la n g u a g e s .
The developm ent o f  th e  model f e l l  i n t o  two d i s t i n c t  s ta g e s .  The f i r s t  o f  
th e se  was r e l a t i v e l y  s t r a ig h tfo rw a rd  and c o n s is te d  o f th e  s im u la tio n  o f  th e  
m echan ica l a s p e c ts  o f  th e  system  in  which w a te r  moved from  p a r t  to  a n o th e r .  
The second s ta g e  and th e  one which p roved  more d i f f i c u l t  to  acco m p lish  was 
th e  s im u la tio n  o f  th e  h e a t  t r a n s f e r  p ro c e s s e s  and in  p a r t i c u l a r  th e  movement 
o f  h e a t  w ith in  th e  exchanger u n i t .  T h is  second  s ta g e  was d ev e lo p ed  l a t e r  
and w i l l  be d e s c r ib e d  in  th e  n e x t s e c t io n .  The w a te r  movements and b a s ic  
fram ework o f  th e  model were developed  f i r s t ,  u s in g  dumngr s e c t io n s  to  r e p la c e  
th e  h e a t  p ro c e s s e s .  T his p a r t  o f  th e  model w i l l  be d e s c r ib e d  h e r e .
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The program  s e t s  ou t to  model c e r t a i n  p a r t s  o f  a  d o m estic  w a te r  system  
and th e  use  t h a t  system  g e ts  d u r in g  a  g iv e n  p e r io d  o f  tim e . Or r a th e r  
i t  m odels two w a te r  system s, one o f w hich i s  o f  a  s ta n d a rd  d e s ig n  w h ile  
th e  second in c o rp o ra te s  th e  r e c y c l in g  u n i t  d e s c r ib e d  in  th e  p re v io u s  
c h a p te r .  Each system  i s  s u b je c te d  to  an i d e n t i c a l  and s im u ltan e o u s  s e t  
o f  o p e ra tio n s*  te m p e ra tu re s ,  volum es and en e rg y  consum ptions a re  a l l  
re c o rd e d  and com pared.
A part from  th e  p h y s ic a l  p a ra m e te rs  o f  th e  sy stem , such a s  ta n k  s i z e s ,  
c o e f f i c i e n t s  o f  th e rm a l t r a n s m it ta n c e  (U -v a lu e s ) ,  e t c ,  th e  backbone o f  
th e  model i s  p ro v id e d  by th e  o p e r a t io n s .  These a re  o f  s ix  ty p e s ,  nam ely 
b a th  f i l l ,  b a th  em pty, b a s in  u s e ,  WC f l u s h ,  k i tc h e n  s in k  u se  and w ash ing  
m achine u s e .  At any tim e d u r in g  th e  ru n  o f  th e  model a  s ix -v a lu e d  a r r a y  
c a l le d  OP h o ld s  d e t a i l s  o f  th e  n e x t o p e ra t io n  due in  each  o f  th e  s i x  
c a te g o r ie s .  These d e t a i l s  a re  s u p p lie d  from  in p u t d a ta  fe d  in to  f iv e  
a r r a y s  a t  th e  s t a r t  o f  th e  ru n .  F o r each  o p e ra t io n  ty p e  th e  d a t a  c o n s i s t s  
o f a  day ty p e  (w eekday, S a tu rd ay  o r  Sunday) fo llo w e d  by th e  tim e  o f  th e  
o p e ra t io n  and th e  volume and te m p e ra tu re  o f  th e  w a te r  u se d . F o r th e  WC 
o p e ra t io n ,  o n ly  th e  tim e  i s  re c o rd e d  a s  th e  volume i s  c o n s id e re d  f ix e d  and 
th e  te m p e ra tu re  i s  t h a t  o f  th e  w a te r  s u p p ly in g  i t .  The o p e r a t io n a l  p a r a ­
m e te rs  f o r  *bath empty* a re  d e r iv e d  from  th e  p re c e d in g  *bath  f i l l * .
Take f o r  exam ple, th e  th r e e  d im en s io n a l a r r a y  KSINKOP ( a , b , c ) .  T his 
d e s c r ib e s  th e  o p e ra t io n  o f th e  k i tc h e n  s in k .  P a ram e te r *a* can  have one 
o f  th r e e  v a lu e s  f o r  th e  ty p e  o f  d ay . P a ram e te r *b* i s  th e  in d e x  number 
o f  th e  p a r t i c u l a r  o p e ra t io n  in  th e  d ay , w ith  a  maximum o f  25* P a ra m e te r  
•c* h as  th r e e  v a lu e s ,  one f o r  tim e , one f o r  volume and one f o r  te m p e ra tu re .
The model o p e ra te s  by scan n in g  th e  l i s t  o f  n e x t o p e ra t io n s  and s e l e c t i n g
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t h a t  whose tim e i s  n e a r e s t  t o  th e  c u r r e n t  t im e . Time i s  th e n  u p d a ted  to  
t h i s  v a lu e .  The program , a s  shown in  F ig u re  1 0 .1 .1  th e n  goes th ro u g h  
s e c t io n s  d e a l in g  w ith  th e  h e a t  re c o v e ry  u n i t  and th e  two h o t w a te r  
c y l in d e r s .  The tim e  betw een th e  l a s t  u p d a te  and th e  n e x t o p e ra t io n  i s  
covered  in  sm a ll s te p s  i n  each  c a s e ,  c a r ry in g  o u t h e a t  t r a n s f e r  c a lc u ­
l a t i o n s  a t  each  i t e r a t i o n .  Once t h i s  h as  been  ach iev ed  th e  model h o ld s  
a  r e p r e s e n ta t io n  o f  th e  system  as  i t  would be im m ed ia te ly  b e fo re  th e  
o p e ra t io n .  The program  th e n  moves to  th e  s e c t io n  d e s c r ib in g  th e  r e le v a n t  
o p e ra t io n  and c a r r i e s  o u t th e  s te p s  n e c e s s a ry  to  move th e  r e q u ir e d  
volum es o f  h o t and c o ld  w a te r  from  one p a r t  to  a n o th e r .  I n  each  ca se  
th e  same o p e ra t io n  i s  p erfo rm ed  i n  th e  two w a te r  sy s tem s . C o n tro l th e n  
r e tu r n s  to  th e  s t a r t  to  s e l e c t  th e  n e x t o p e ra t io n .
Flow d iag ram s f o r  th e  s i x  o p e r a t io n s ,  to g e th e r  w ith  a  l i s t i n g  o f  th e  
program  i t s e l f  ( in c lu d in g  th e  h e a t  re c o v e ry  and c y l in d e r  s e c t io n s )  a re  
rep ro d u ced  in  Appendix F f o r  r e f e r e n c e .  As h as  been  m en tio n ed , a l l  
o p e ra t io n s  a re  assumed to  o ccu r in s ta n ta n e o u s ly ,  w ith  th e  e x c e p tio n  o f  
th e  b a th .  Here th e  tim e  betw een ru n n in g  th e  b a th  and em pty ing  i t  i s  
assum ed, v e ry  a r b i t r a r i l y ,  to  be h a l f  an  h o u r f o r  each 110 l i t r e  volum e.
The w a te r  c o o ls  in  t h i s  tim e  o f  c o u rse , a t  a  r a t e  g iv e n  a s  in p u t  d a t a  and 
d e r iv e d  from  e x p e rim e n ts .
One s im p l i f i c a t io n  assumed in  th e  model i s  t h a t  no h e a t  lo s s  o c c u rs  in  
th e  p ipew ork . Thus w aste  te m p e ra tu re s  a re  assumed to  be th o s e  o f  th e  w a te r  
in  th e  a p p l ia n c e ,  w h ile  w a te r  drawn from  a  h o t ta p  i s  assum ed to  re a c h  
im m ed ia te ly  th e  te m p e ra tu re  o f  th e  to p  o f  th e  c y l in d e r .  How much e f f e c t  
t h i s  h as  on th e  r e s u l t s  i s  u n c e r ta in  — t h i s  i s  one p o in t  t h a t  th e  c u r ­
ta i lm e n t  o f  th e  p r o je c t  l e f t  unansw ered . I t  may a ls o  be n o te d  t h a t  th e  
program  p r in t - o u t  in c lu d e s  s ta te m e n ts  w hich im ply th e  e x is te n c e  o f  a
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th e r m o s ta t i c a l ly  c o n t ro l le d  v a lv e  on th e  w aste  i n l e t  to  th e  w aste  ta n k .
T h is  m o d if ic a t io n ,  in  w hich w aste  w a te r  c o ld e r  th a n  th e  p re h e a t  ta n k  
goes d i r e c t  to  w a s te , was m o d e lled , h u t n o t in c o rp o ra te d  in to  th e  
la b o ra to r y  r i g .
In  common w ith  most s im u la tio n  p rogram s, a  l a r g e  p ro p o r t io n  o f  th e  s t a t e ­
m ents in  each s e c t io n  a re  concerned  w ith  lo g g in g  v a r io u s  q u a n t i t i e s  a t  
each  s ta g e  o f  th e  s im u la t io n .  Table 1 0 .1 .1  shows th e  main q u a n t i t i e s  which 
have to  be re c o rd e d  in  te rm s o f  th e  w a te r  and energ y  e n te r in g  and le a v in g  
each  sy stem . Energy lo s s e s  in  w aste  warm w a te r  a re  c a lc u la te d  u s in g  th e  
d i f f e r e n c e  in  te m p e ra tu re  betw een th e  w aste  and th e  c o ld  su p p ly .
In  a d d i t io n ,  th e  program  c o n ta in s  d ia g n o s t ic  o u tp u t s te p s  o f  two ty p e s .
In  one, each  o p e ra t io n  i s  re c o rd e d  and o u tp u t to  a  f i l e .  I n  th e  seco n d , 
v a r io u s  system  te m p e ra tu re s  and cu m u la tiv e  energ y  co u n ts  a re  o u tp u t to  
a n o th e r  f i l e  a t  each  s t e p .  T hese, to g e th e r  w ith  th e  r e s u l t s  p r in t e d  i n  
th e  form  shown in  Appendix F p ro v id e  a  means o f v e r i f y in g  t h a t  th e  program  
i s  w ork ing  c o r r e c t ly .  One o r  two p o in t s  o f  c l a r i f i c a t i o n  m ight make th e  
program  and o u tp u t l i s t i n g s  e a s i e r  to  fo l lo w . I n  th e  program  l i s t i n g ,  
v a r ia b le  names r e f e r r i n g  to  th e  same p ro p e r ty  i n  th e  two system s have been  
d i f f e r e n t i a t e d  by ad d ing  a  Z to  th e  end o f  th e  name f o r  th e  c o n v e n tio n a l 
w a te r  sy stem . In  most ru n s  o f  th e  program  th e  model was a llo w ed  to  ru n  
f o r  an i n i t i a l  day o r  two to  re a c h  a  r e a l i s t i c a l l y  s e t t l e d  s t a t e  b e fo re  
m o n ito r in g  o f  th e  v a r io u s  p a ra m e te rs  was s t a r t e d .
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RECYCLE CONVENTIONAL
WATER
IN
Hot water demand 
(to preheat)
Hot water demand 
(to cylinder)
Cold water demand for 
bath, basin, sink
Cold water demand for 
bath, basin, sink
Make-up to waste tank Cold water for V/C flush
OUT
Flushed in V/C Flushed in V/C
Waste from sink V/aste from sink, w/mc, basin, 
bath
Overflow from waste tank
ENERGY
IN
Immersion heater Immersion heater
W/mc heater W/mc heater
Pump to V/C
OUT
Flushed to WC V/aste from sink, w/mc, bath, 
basin
Waste from sink
Overflow from waste
Losses from cylinder Losses from cylinder
n ” waste tank " ” bath
" ” bath
TABLE 10.1,1 Water and Energy Balance Sheet
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10,2 Heat transfer
The main h e a t  t r a n s f e r  p ro c e s s e s  o ccu r in  two a r e a s .  I n  th e  f i r s t  o f  
th e s e ,  th e  h o t w a te r  c y l in d e r ,  h e a t i s  l o s t  c o n tin u o u s ly  to  th e  a i r  and 
in p u t i n t e r m i t t e n t l y  from  th e  h e a t e r .  In  th e  h e a t  re c o v e ry  u n i t ,  on th e  
o th e r  han d , th e  movement o f  h e a t  i s  com plex; th e  problem  in  f a c t  p roved  
i n t r a c t a b l e  and i t  was n e v e r p o s s ib le  to  model a c c u ra te ly  th e  p ro c e s s e s  
in v o lv e d . F o r t h i s  r e a s o n , no a c tu a l  v a l id a t i o n  o f  th e  model co u ld  e v e r  
be c a r r i e d  o u t ,  a s  i t  was n e v e r  an a c c u ra te  re p ro d u c t io n  o f  th e  la b o ra to r y  
r i g .  T his d id  n o t mean th a t  u s e f u l  r e s u l t s  co u ld  n o t be a c h ie v e d , how ever. 
These a re  d e s c r ib e d  i n  C h ap te r 12.
( a )  Hot w a te r c y l in d e r
The m o d e llin g  o f  a  h o t w a te r  c y l in d e r  h as  been  t r i e d  by o th e rs  b u t m o s tly  
w ith o u t ta k in g  acco u n t o f  any s t r a t i f i c a t i o n  e f f e c t s .  Throughout most 
o f th e  t r i a l s  o f  t h i s  model s t r a t i f i c a t i o n  was ig n o red  and th e  w a te r  i n  
th e  c y l in d e r  was assumed to  be p e r f e c t ly  mixed a t  a l l  t im e s .
S t r a t i f i c a t i o n  i s  s i g n i f i c a n t  i n  a  ta n k  o f  t h i s  s iz e  and sh a p e , how ever. 
F ig u re  10 .2 .1  shows th e  b eh a v io u r o f  an a r r a y  o f  therm ocoup les on th e  s id e  
o f a  c y l in d e r  s u b je c te d  to  a  sudden d ra w -o ff  o f  h o t w a te r  from  th e  to p .
I t  can be seen  th a t  a lth o u g h  th e  to p  o f  th e  c y l in d e r  rem ains h o t ,  th e  low er 
la y e r s  a re  r e p la c e d  by th e  c o ld  su p p ly  w a te r .  T h is i s  th e n  h e a te d  v e ry  
r a p id ly  back up to  th e  o r ig i n a l  te m p e ra tu re , w ith  th e  e x c e p tio n  o f  th e  
bottom  which r i s e s  much more s lo w ly , b e in g  below  th e  h e a t e r .  E x p erim en ts  
c a r r i e d  ou t e a r l i e r  by th e  r e s e a rc h  team  showed th a t  a  c o lo u re d  l a y e r  o f  
warm w a te r r e s t i n g  on co ld  w a te r  in  a  p e rsp e x  ta n k  rem ained  rem a rk ab ly  
s t a b l e .  W hile some o f  th e  d e t a i l  i n  F ig u re  1 0 .2 .1  may r e f l e c t  te m p e ra tu re s  
i n  th e  h ig h ly  co n d u c tiv e  copper s h e l l  to  which th e  ju n c t io n s  were s tu c k ,  
la y e r in g  i s  a  v e ry  r e a l  e f f e c t  and co u ld  have s ig n i f i c a n t  e f f e c t s  on th e
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perfo rm ance  o f  th e  sy stem . F o r exam ple, a  second  d ra w -o ff  o c c u r r in g  b e fo re  
th e  w a te r  h as  r e h e a te d  w i l l  a c t u a l l y  r e c e iv e  a t  l e a s t  p a r t  o f  i t s  demand 
a t  a  h ig h e r  te m p e ra tu re  th a n  th e  e v e n ly  mixed model would s u g g e s t .
A cco rd in g ly , tow ards th e  end o f  th e  p r o je c t  a  model o f  a  s t r a t i f i e d  
c y l in d e r  was developed  and t e s t e d  i n  a  program  c a l le d  TESTCYL (re p ro d u c e d  
i n  Appendix f ) .  The lo g ic  b eh in d  t h i s  can  be e x p la in e d  w ith  r e fe re n c e  to  
F ig u re  1 0 .2 ,2 :
The c o n te n ts  o f  th e  c y l in d e r  a re  d iv id e d  in t o  a t  l e a s t  th r e e  l a y e r s .  The 
bottom  two a re  e q u a l i n  volume a t  15 l i t r e s  each  and o f  th e s e  BCYLAY ( 1 ) 
i s  below  th e  h e a t e r  w h ile  BCYLAY ( 2 ) c o n ta in s  i t .  Cold w a te r  e n te r s  v i a  
th e  bottom  la y e r .  Above th e s e  two a re  up to  t e n  la y e r s  c a l l e d  CYLAY (n )  
form ed by s u c c e s s iv e  d ra w -o ffs  and in p u ts  o f  c o ld  w a te r .  Each la y e r  h as  
volume and te m p e ra tu re  re c o rd e d  in  th e  second  o f  th e  two d im en sio n s  o f 
th e  a r r a y  d e s c r ib in g  i t .  F o r exam ple, th e  h e a t e r  la y e r  h a s  BCYLAY ( 2 ,1 )  
eq u a l to  15 l i t r e s ,  w h ile  BCYLAY ( 2 ,2 )  h o ld s  th e  te m p e ra tu re .
The h e a t  exchange p ro c e s s e s  work a c c o rd in g  to  th e  fo llo w in g  r u l e s :
1. A ll th e  tim e
( a )  H eat i s  l o s t  to  am bient a i r  from  a l l  l a y e r s .  The r a t e  i s  
d e te rm in ed  by th e  volume and te m p e ra tu re  o f  th e  l a y e r ,  u s in g  
an in p u t o v e r a l l  U—v a lu e .
(b )  H eat i s  t r a n s f e r r e d  s lo w ly  down from  BCYLAY ( 2 ) to  BCYLAY ( l ) ,  
i f  th e  te m p e ra tu re  d i f f e r e n c e  i s  g r e a t e r  th a n  4°C, a t  a  r a t e  
TR2T1 g iv e n  a s  in p u t .
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( c )  W ith in  th e  u p p er ta n k ,  any two la y e r s  l e s s  th a n  0 .2°C  a p a r t  merge 
in to  one l a y e r .
(d )  I f  BCYLAY ( 2 ,2 )  i s  g r e a t e r  th a n  th e  te m p e ra tu re  o f  th e  lo w est 
CYLAY, in s ta n ta n e o u s  h e a t  t r a n s f e r  o c c u rs  to  e q u a l is e  them .
2 . W ith th e  h e a t e r  on
( a )  The th e rm o s ta t i s  i n  la y e r  BCYLAY (2 )  and sw itc h e s  on a t  
te m p e ra tu re  TIMMIN, o f f  a t  TIMMAX.
(b )  L ayer BCYLAY ( l )  i s  n o t h e a te d  by th e  im m ersion .
( c )  L ayer BCYLAY (2 )  i s  a lw ays h e a te d  by th e  im m ersion .
(d )  Any la y e r  above, whose te m p e ra tu re  i s  w ith in  1°C o f  BCYLAY ( 2 ,2 )  
i s  a l s o  h e a te d .
( e )  The h e a te r  power RIMM i s  d iv id e d  am ongst th e  la y e r s  a c c o rd in g  
to  volume so t h a t  te m p e ra tu re s  r i s e  e q u a l ly .
U sing  t h i s  model a  s a t i s f a c t o r y  r e p r e s e n ta t io n  o f  th e  te m p e ra tu re  v a r i a t i o n  
i n  d i f f e r e n t  p a r t s  o f  th e  c y l in d e r  co u ld  be a c h ie v e d . U n fo r tu n a te ly ,  t h i s  
was n ev e r im plem ented i n  th e  m ain program  and i t s  e f f e c t  on th e  r e s u l t s  
co u ld  n o t be e s ta b l i s h e d .
The c o o l in g  r a t e  f o r  th e  c y l in d e r  and th e  t r a n s f e r  r a t e  TR2T1 w ere o b ta in e d  
■ty lo g g in g  te m p e ra tu re s  a s  i t  co o led  o v e r a  p e r io d  o f  tim e . The te rm  
•U—value*  u sed  h e re  i s  n o t s t r i c t l y  c o r r e c t .  A U -value  i s  n o rm a lly  
ex p re sse d  a s  p o w e r/u n it a r e a /u n i t  te m p e ra tu re  d i f f e r e n c e .  I n  t h i s  model
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i t  was s im p le r  to  u se  p o w e r/u n it te m p e ra tu re  d i f f e r e n c e  and r e l a t e  i t  to  
s p e c i f i c  vo lum es. F o r exam ple i f  th e  r a t e  f o r  th e  whole c y l in d e r  
(135 l i t r e s )  i s  U, th e n  th e  r a t e  f o r  one p a r t i c u l a r  l a y e r  CYLAY ( i )  i s  
g iv e n  hy :
Uj = U x  volume o f  1 /135
and th e  h e a t  l o s t  o v er a  p e r io d  T i s  g iv e n  hy 
H s  Uj x  T x  te m p e ra tu re  d i f f e r e n c e  to  am bien t a i r  
and th e  te m p e ra tu re  d ro p  i s  g iv e n  by
t  = _______________1 _______________
s p e c i f i c  h e a t  x  volume o f  I
S im ila r  r e l a t i o n s h ip s  w ere u sed  i n  r e v e r s e  to  o b ta in  th e  ’U -values*  f o r  
th e  c y l in d e r ,  u s in g  th e  d a ta  o b ta in e d .
One im provem ent w hich was en v isag e d  b u t n e v e r  a c t u a l l y  im plem ented was 
to  a llo w  f o r  th e  w a te r  s ta n d in g  i n  th e  p ip e  c o n n e c tin g  th e  c y l in d e r  to  th e  
o u t l e t s .  I f  t h i s  le n g th  w ere assum ed c o n s ta n t  and were to  be r e p re s e n te d  
by an  a r t i f i c i a l  e x t r a  la y e r  i n  th e  c y l in d e r ,  th e  r a p id  c o o l in g  o f  th e  
w a te r  i n  i t  co u ld  be s im u la te d  by a p p ly in g  a  d i f f e r e n t  h e a t  lo s s  c o e f f i c i e n t .  
I n  t h i s  way any h o t o u t l e t  would r e c e iv e  w a te r  i n  th e  f i r s t  in s ta n c e  whose 
te m p e ra tu re  was known. F o r any demand r e q u i r in g  w a te r  h o t t e r  th a n  th a t  
s ta n d in g  i n  th e  p ip e ,  t h i s  volume co u ld  be ru n  o f f  to  w aste  and  log g ed  more 
a c c u r a te ly  th a n  a t  p r e s e n t .
(b )  H eat re c o v e ry  u n i t
The mechanisms by w hich h e a t  moves th ro u g h  and o u t o f  t h i s  u n i t  a r e  r a t h e r  
more com plex th a n  th e y  ap p ea r a t  f i r s t  s i g h t .  The p re h e a t  ta n k  i s  im mersed 
co m p le te ly  i n  th e  w aste  w a te r  and i s  o n ly  i n  c o n ta c t  w ith  th e  a i r  th ro u g h  
i t s  f l o a t ,  w hich a c t s  a s  a  f a i r l y  good i n s u l a t o r .  The w aste  ta n k  on th e
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o th e r  hand h as  a  la rg e  s u r fa c e  a r e a  i n  c o n ta c t  w ith  th e  a i r  in s id e  th e  
in s u la te d  box . I t  lo s e s  h e a t t o  t h i s  a i r  t h e r e f o r e ,  even though th e  a i r  
i s  a t  a  h ig h e r  te m p e ra tu re  th a n  am bient a i r  o u ts id e  th e  box . I n  f a c t  one 
im provem ent e n v isag e d  f o r  th e  p ro d u c tio n  v e r s io n  would be th e  i n s u l a t i o n  
o f  th e  ta n k  i t s e l f ,  a s  w e ll a s  o f  th e  cu p board .
A lthough th e  p re h e a t  ta n k  i s  su rro u n d ed  by w aste  w a te r  th e  an n u lu s  betw een 
th e  w a lls  o f  th e  two ta n k s  i s  v e ry  t h i n  and o n ly  c o n ta in s  abou t 2 o r  3 
l i t r e s .  The te m p e ra tu re  o f  t h i s  w a te r  v e ry  q u ic k ly  assum es t h a t  o f  th e  
p re h e a t  ta n k  a t  th e  to p  o f  th e  a n n u lu s , w h ile  t h a t  n e a re r  th e  bottom  
i s  c lo s e r  to  th e  w aste  te m p e ra tu re .  T his i s  i l l u s t r a t e d  i n  F ig u re  1 0 .2 .3  
w hich shows th e  r e a c t io n  o f  th e  v a r io u s  the rm ocoup les  to  th e  a d d i t io n  o f  
30 l i t r e s  o f  c o ld  w a te r  in to  th e  to p  o f  th e  w aste  ta n k .  The added w a te r  
flo w s o v e r th e  to p  o f  th e  p re h e a t  ta n k  b e fo re  e n te r in g  th e  an n u lu s  and 
g r a d u a l ly  m ix ing  w ith  th e  w a te r  in  th e  to p  la y e r  in  th e  w aste  ta n k .
F ig u re  10 .2 .4*  on th e  o th e r  h and , shows th e  e f f e c t  o f ad d in g  25 l i t r e s  o f  
h o t w a te r  to  th e  u n i t  in  which a l l  te m p e ra tu re s  s t a r t  a t  am b ien t. I t  can  
be seen  th a t  th e  h e a t  t r a n s f e r  i s  v e ry  e f f i c i e n t  i n  t h a t  th e  to p  o f  th e  
p re h e a t  ta n k  ends up a t  a  h ig h e r  te m p e ra tu re  th a n  th e  w a te r  i n  th e  w aste  
ta n k  below  i t .
S t r a t i f i c a t i o n  i s  o b v io u s ly  o c c u r r in g  i n  b o th  w aste  and p re h e a t  ta n k s  and 
th e r e f o r e  th e  r a t e  a t  w hich h e a t  i s  t r a n s f e r r e d  to  o r  from  any p a r t  o f  th e  
system  i s  dependen t on i t s  p o s i t i o n  and on p a s t  e v e n ts .  The e f f e c t  o f  th e  
an n u lu s  i s  a l s o  co m p lica ted  b e c a u se , a lth o u g h  i t  o b v io u s ly  h as  some e f f e c t  
on th e  h e a t in g  o f  th e  to p  o f  th e  p re h e a t  ta n k ,  th e  e x te n t  o f  t h i s  i s  n o t 
c l e a r .  The mechanisms o f  co n v e c tiv e  m ix ing  a re  a l s o  com plex, b o th  w i th in  
th e  p re h e a t  ta n k  and w ith in  th e  w aste  and an n u lu s  r e g io n s .
A number o f  a t te m p ts  to  model t h i s  system  were made, w ith  v a ry in g  d e g re e s
220
o f  s u c c e s s .  F o r t h i s  p u rp o se  a  s e r i e s  o f  s p e c ia l  program s was w r i t t e n  so 
th a t  th e  h e a t  exchange u n i t  c o u ld  he m odelled  in d e p e n d e n tly  o f  th e  r e s t  o f  
th e  sy stem . I t  was d e c id e d  t h a t  i t  would n o t he f e a s ib l e  to  d e te rm in e , 
l e t  a lo n e  m odel, th e  d e t a i l e d  p h y s ic a l  i n t e r a c t i o n s .  V arious s e t s  o f  
a ssu m p tio n s  were t r i e d ,  t h e r e f o r e ,  i n  w hich in d iv id u a l  s t r a t a  were assum ed 
to  have h e a t  t r a n s f e r  c o e f f i c i e n t s  to  n e ig h b o u rin g  s t r a t a  and to  th e  o u t­
s id e  a i r .  The te c h n iq u e  th e n  in v o lv e d  u s in g  s e q u e n t ia l  p a i r s  o f  e x p e r i­
m en tal te m p e ra tu re  v a lu e s  f o r  th e  r e s p e c t iv e  l a y e r s ,  to  c a l c u la te  a  
sequence o f  c o e f f i c i e n t s  f o r  each  tim e  i n t e r v a l .  These c o e f f i c i e n t s  were 
th e n  u sed  i n  th e  model u n d er t e s t  to  p r e d ic t  th e  te m p e ra tu re  v a lu e s .  The 
e x p e rim e n ta l and p r e d ic te d  g rap h s  o f  te m p e ra tu re  a g a in s t  tim e  were th e n  
p lo t t e d  to g e th e r  and com pared.
th e  tim e work on t h i s  had t o  he su sp en d ed , no one model h ad  p roved  
a c c u ra te  enough to  in c o rp o ra te  i n  th e  m ain program . However, one f a c t o r  
h as  become c l e a r ;  th e  w aste  ta n k  s t r a t i f i c a t i o n  was v e ry  marked and o n ly  
th e  to p  la y e r  was in v o lv e d  w ith  t r a n s f e r r i n g  h e a t  to  th e  p re h e a t  ta n k .  
A cco rd in g ly , th e  s t r a t i f i e d  model was in c o rp o ra te d ,  based  on s im i la r  l i n e s  
to  th e  c y l in d e r  m odel, ex ce p t t h a t  w a te r  was added from  th e  to p .  I f  t h i s  
added w a te r  was warmer th a n  th e  e x i s t i n g  to p  l a y e r ,  a  new to p  la y e r  was 
assumed to  fo rm . I f  c o ld e r ,  th e  added w a te r  and th e  o ld  to p  la y e r  were 
assumed to  mix in s ta n ta n e o u s ly .  H eat movements were th e n  assum ed to  
c o n s is t  o f  h e a t  lo s s  by each  la y e r  to  th e  a i r  and h e a t  t r a n s f e r  to  th e  
p re h e a t  ta n k  o n ly  i f  th e  l a t t e r  was c o ld e r .  The t r a n s f e r  r a t e  was b ased  
on mean te m p e ra tu re s  i n  b o th  p re h e a t  and to p  w aste  l a y e r ,  u s in g  ap p ro x im ate  
mean c o e f f i c i e n t s .  I n  o rd e r  to  e s t a b l i s h  th e  maximum p o s s ib le  h e a t  
re c o v e ry  th e  t r a n s f e r  i n  some o f  th e  ru n s  was assumed to  o ccu r i n s t a n ­
ta n e o u s ly  a s  i f  th e  two volum es had been  su d d en ly  mixed to g e th e r .  (See 
C hap ter 1 2 ).
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A lthough th e s e  assum ptions  w ere b ased  on q u a l i t a t i v e  o b s e rv a tio n s  o f  th e  
b e h a v io u r  o f  th e  e x p e r im e n ta l r i g ,  i t  was no t p o s s ib le  t o  s im u la te  i t  
a c c u r a te ly  enough t o  make any v a l id a t i o n  e x e r c is e  m e a n in g fu l. However, 
r e s u l t s  from t r i a l s  w ith  th e  m odel gave v a lu e s  f o r  energ y  and w a te r  
s a v in g  w hich w ere c e r t a i n l y  co m p a tib le  w ith  th o s e  o b ta in e d  on th e  r i g  
and th e  model was deemed t o  be w orking  c o r r e c t ly  w ith in  th e  l i m i t s  o f  
t h e  s im p l i f i c a t i o n s .
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11 DEMAND GENERATOR
One o f  th e  problem s e n co u n te red  in  t h i s  and o th e r  m odels o f  th e  u se  o f  
b u i ld in g  s e r v ic e s  i s  t h a t  o f  f in d in g  a  s u i t a b l e  p a t t e r n  o f  demand f o r  th e  
s e rv ic e  which w i l l  t e s t  th e  system  f u l l y .  In  th e  e a r ly  v e r s io n s  o f  t h i s  
p a r t i c u l a r  model a  f ix e d  demand sequence was u se d , c o rre sp o n d in g  to  t h a t  
u sed  on th e  la b o ra to r y  m ock-up. T his was v e ry  u n r e a l i s t i c ,  p a r t l y  b ecau se  
i t  was r e s t r i c t e d  to  w ork ing  h o u rs  and p a r t l y  because  th e  same sequence 
was r e p e a te d  ev e ry  day .
The r e a l  l i f e  s i t u a t i o n  f a l l s  betw een t h i s  and th e  o th e r  ex trem e where demand 
i s  co m p le te ly  random f o r  a l l  a p p l ia n c e s  th ro u g h o u t th e  day . I n  p r a c t i c e  
a  c e r t a i n  d eg ree  o f  random ness i s  superim posed  on an o rd e re d  p a t t e r n  d e t e r ­
mined by th e  a c t i v i t i e s  o f  th e  h o u se h o ld .
I n  an a tte m p t to  s im u la te  t h i s ,  a  program  was w r i t t e n  w hich g e n e ra te s  a  
sequence o f  demand f o r  th e  w a te r -u s in g  a p p l ia n c e s  f o r  each  day , v a ry in g  
th e  number and tim in g  o f  e v e n ts  and th e  volume and te m p e ra tu re  o f  each  
amount o f  w a te r  u se d . These v a r i a t i o n s  m ir ro r  th e  d i f f e r e n c e s  i n  demand which 
o ccu r from  day to  day in  a  r e a l  d w e ll in g .
A lthough th e  program  was d ev e lo p ed  f o r  t h i s  p a r t i c u l a r  a p p l i c a t io n ,  th e r e  
i s  no re a so n  why i t  sh o u ld  n o t be o f  u se  f o r  any model in  w hich d o m e stic  
w a te r -u s in g  a p p lia n c e s  p la y  a  p a r t .  S o la r  w a te r  h e a t in g ,  w aste  h e a t  re c la m a ­
t i o n  and o th e r  s im i la r  in v e s t ig a t io n s  m ight be am enable to  such  t r e a tm e n t .
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11.1 The program
The program  i s  w r i t t e n  m ain ly  in  F o r t r a n  b u t makes u se  o f  s p e c ia l  d i s t r i ­
b u tio n  sam p lin g  r o u t in e s  c o n ta in e d  in  IC L 's  C o n tro l and S im u la tio n  Language 
(CSL). These r o u t in e s  u se  a  pseudo-random  number g e n e ra to r  to  sam ple v a lu e s  
from  one o f  a  number o f  d i f f e r e n t  d i s t r i b u t i o n s .  These a r e  o f  two ty p e s j
( a )  B u i l t - i n  s ta n d a rd  s t a t i s t i c a l  f u n c t io n s ,  such  a s  Norm al, P o is so n , 
N eg a tiv e  E x p o n e n tia l and R e c ta n g u la r , each  o f  which can be d e f in e d  
by one o r  two in p u t p a ra m e te rs ,
(b )  U s e r - s p e c if ie d  freq u en cy  d i s t r i b u t i o n s  f o r  w hich a r r a y s  o f  v a lu e s  and 
t h e i r  f r e q u e n c ie s  a re  s u p p lie d  a s  in p u t .
In  e sse n c e  th e  program  re a d s  p a ra m e te rs  d e s c r ib in g  v a r io u s  o p e r a t io n a l  
f e a tu r e s  o f  each  w a te r -u s in g  a p p lia n c e  and th e n  g e n e ra te s  t im e , te m p e ra tu re s  
and volum es f o r  each  d u r in g  th e  day . D if f e r e n t  in p u t p a ra m e te rs  can p ro ­
duce d i f f e r e n t  p a t t e r n s  a t  weekends and f o r  d i f f e r e n t  l e v e l s  o f  occupancy .
The o u tp u t l i s t  can e i t h e r  be u sed  d i r e c t l y  by th e  c a l l i n g  program  o r  
s to r e d  in  a  f i l e  f o r  f u tu r e  u se ; and can  c o n ta in  a s  many days* e v e n ts  as  
r e q u i r e d .  A copy o f  th e  l i s t i n g  o f  th e  program  can  be found  i n  A ppendix G.
a )  Bath
The number o f  b a th s  ru n  in  any one day i s  u s u a l ly  s m a ll .  The program  f i r s t  
sam ples t h i s  number from  an in p u t d i s t r i b u t i o n  g iv in g  p r o b a b i l i t i e s  o f  
0 , 1, 2 , . . . .  b a th s  p e r  day f o r  th e  h o u se h o ld . T h is d i s t r i b u t i o n  i s  a r ra n g e d  
so t h a t  th e  av erag e  number o f  b a th s  sam pled o v er a  p e r io d  o f  days c o rre sp o n d s  
to  th e  av erag e  b a th  r a t e  f o r  a  g iv en  s i z e  o f  h o u seh o ld  ( s e e  C h ap te r 1 1 .2 ) .
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Assuming th e r e  a re  to  be one o r  more b a th s ,  th e  program  th e n  d e te rm in e s  th e  
tim e  a t  w hich each  i s  ru n , u s in g  a  2 - p a r t  p ro c e s s .  F i r s t  a n o th e r  d i s t r i b u t i o n ,  
g iv in g  th e  p r o b a b i l i t y  o f  a  b a th  in  each  o f  th e  12 tw o-hour p e r io d s  o f th e  
day , i s  sam pled . To th e  s t a r t i n g  tim e o f  th e  p e r io d  s e le c te d  a  random 
number o f  m inu tes betw een 0 and 120 i s  th e n  added . T his p ro c e s s  i s  r e p e a te d  
f o r  each  o f  th e  b a th s  and a  s e p a ra te  r o u t in e  th e n  p la c e s  them in  c h ro n o lo g ic a l 
o rd e r .  I f  two b a th s  c o in c id e ,  o r  a re  w ith in  a  p re d e te rm in e d  tim e  span  (sa y  
30 m in s ) , th e  sam p ling  p ro c e s s  i s  r e p e a te d  f o r  one o f  them .
F o r each  b a th  f u r t h e r  p ro c e d u re s  d e te rm in e  th e  volume and te m p e ra tu re  o f  th e  
b a th  when f u l l  ( i n  o th e r  words th e  volume and te m p e ra tu re  d e s i r e d  by th e  
u s e r ) .  The volume i s  d e te rm in e d  by s e l e c t i n g  a  v a lu e  a t  random betw een two 
l i m i t s .  . The te m p e ra tu re  i s  d e te rm in e d  by sam p lin g  a  norm al d i s t r i b u t i o n  
f o r  w hich th e  mean and s ta n d a rd  d e v ia t io n  a re  in p u t .
b )  K itc h e n  s in k
Because o f  th e  n a tu re  o f  th e  p a r t i c u l a r  model f o r  w hich t h i s  program  was 
w r i t t e n ,  o n ly  th o se  s in k  u s e s  in v o lv in g  h o t  w a te r  a re  c o n s id e re d  in  t h i s  
v e r s io n .  T h is means t h a t  c o ld  w a te r  u sed  f o r  cook ing  o r  d r in k in g  i s  ig n o re d . 
There i s  no re a so n  why, w ith  a  s l i g h t  m o d if ic a t io n ,  th e  program  sh o u ld  n o t 
co v er t h i s  a s  w e ll .
The method u sed  i s  th e  same a s  f o r  th e  b a th ,  a lth o u g h  th e  in p u t d i s t r i b u t i o n s  
a re  o b v io u s ly  r a th e r  d i f f e r e n t .
c ) W ashing machine
W ith such a  wide v a r i e ty  o f  w ashing  m achines i n  c u r re n t  u s e ,  a  com prehensive 
s im u la tio n  o f  ev e ry  ty p e  and o f  ev e ry  d i f f e r e n t  program  w ith in  each  ty p e  
would be a lm ost im p o ss ib le .  I t  h a s  been  assum ed, th e r e f o r e ,  t h a t  f o r  ev e ry
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u se  o f  th e  w ashing  m achine i n  any g iv e n  ru n  o f  th e  program , a  f ix e d  volume 
o f  w a te r  a t  a  f ix e d  te m p e ra tu re  i s  u sed  f o r  th e  w ash, fo llo w ed  by a  f ix e d  
number o f  r in s e s  i n  c o ld  w a te r .
The number o f  washes and t h e i r  tim e s  i s  sam pled in  th e  same way a s  f o r  th e  
b a th  and k i tc h e n  s in k .
d )  WC
The number o f  u se s  o f  th e  WC ( o r  WCs) i s  g e n e ra l ly  c o n s id e ra b ly  h ig h e r  
th a n  i n  th e  ca se  o f  th e  a p p l ia n c e s  d is c u s s e d  so  f a r .  In  any g iv e n  tim e  
p e r io d  th e  u se  o f  th e  t o i l e t  can be re g a rd e d  a s  o c c u r r in g  random ly , so  t h a t  
th e  tim e i n t e r v a l  betw een u se s  fo llo w s  a  N eg a tiv e  E x p o n e n tia l d i s t r i b u t i o n .  
T h is i s  d i r e c t l y  ana logous to  th e  P o isso n  a r r i v a l  d i s t r i b u t i o n  u sed  i n  
many q u eu e in g  problem s where th e  number o f  a r r i v a l s  i n  a  g iv e n  tim e  i n t e r v a l  
fo llo w s  th e  P o isso n  d i s t r i b u t i o n  w ith  some mean a r r i v a l  r a t e .  T h is  im p lie s  
t h a t  u se s  o f  th e  t o i l e t  a r e  co m p le te ly  in d e p e n d e n t; t h i s  i s  n o t s t r i c t l y  
a c c u ra te  s in c e  th e re  a re  tim e s  when s e v e ra l  members o f  a  h o u seh o ld  may u se  
th e  t o i l e t  in  qu ick  s u c c e s s io n .
To make some a llow ance f o r  t h i s ,  th e  day i s  a g a in  s p l i t  i n to  12 two—h o u r 
p e r io d s  and th e  mean number o f  WC f lu s h e s  p e r  h o u r f o r  each  p e r io d  i s  in p u t  
to  th e  program  a s  d a t a .  I n  t h i s  way a llo w an ce  can  be made f o r  p e r io d s  o f  
h e a v ie r  demand. The s e c t io n  o f  th e  program  d e a l in g  w ith  th e  WC s t a r t s  w ith  
a  c lo c k  s e t  to  th e  s t a r t  o f  th e  day (0 0 .0 0  h o u r s ) .  A v a lu e  f o r  th e  e la p s e d  
tim e  b e fo re  th e  f i r s t  f lu s h  i s  sam pled from  th e  N eg a tiv e  E x p o n e n tia l d i s ­
t r i b u t i o n  w ith  th e  a p p ro p r ia te  mean v a lu e .  The c lo c k  i s  moved fo rw ard  
a c c o rd in g ly  and f u r t h e r  v a lu e s  sam pled . E very  tim e  a  new tw o-hou r i n t e r v a l
i s  e n te r e d ,  a  new mean a r r i v a l  r a t e  i s  u sed
S ince  th e  WC u se s  c o ld  w a te r ,  th e  o n ly  o th e r  in p u t in fo rm a tio n  r e q u ir e d  i s  
th e  f lu s h  volume o f  th e  c i s t e r n .  I f  a  d u a l o r  c o n t ro l le d  f lu s h  VIC were to  
he m o d e lled , a  f u r t h e r  d i s t r i b u t i o n  o f  th e  volum es would be r e q u ir e d .
e ) W ash-basin
The m o d e llin g  o f  w ash -b as in  u sage  i s  co m p lic a te d  by th e  f a c t  t h a t  th e re  
a re  s e v e r a l  d i s t i n c t  modes o f  u se  in v o lv e d . I n  th e  f i r s t  p la c e ,  th e r e  i s  
u s u a l ly ,  and sho u ld  alw ays b e , a  q u ic k  ‘r in s e *  fo llo w in g  th e  u se  o f  th e  
t o i l e t .  T h is most o f te n  in v o lv e s  w ash ing  u n d er th e  ru n n in g  h o t t a p ,  
w ith o u t n e c e s s a r i ly  w a it in g  f o r  th e  w a te r  to  warm u p . S econd ly , th e r e  i s  th e  
f u l l  s c a le  w ash, where th e  b a s in  i s  f i l l e d  w ith  h o t o r  warm w a te r .  L a s t ly ,  
th e  co ld  ta p  a lo n e  may be u se d , f o r  in s ta n c e  f o r  c le a n in g  t e e t h .
To a llo w  f o r  t h i s  v a r i a t i o n ,  th e  w ash -b as in  demand i s  composed f i r s t l y  o f  
a  ’r in s e *  u se  im m ed ia te ly  fo l lo w in g  each  WC f lu s h .  Superim posed on t h i s  i s  
a  random * fu ll*  use  d e te rm in e d  by sam p lin g  a  s e r i e s  o f  N eg a tiv e  E x p o n e n tia l
d i s t r i b u t i o n s  i n  th e  same way a s  f o r  th e  WC.
Volumes f o r  each  ty p e  o f  u s e  a re  s e le c te d  a t  random betw een s e t  l i m i t s  and
te m p e ra tu re s  f o r  * fu ll*  w ashes a re  s e le c te d  from  an in p u t d i s t r i b u t i o n  w hich
h a s  a  f i n i t e  *cold* p r o b a b i l i t y .
f )  O th er a p p lia n c e s
The a p p lia n c e s  covered  so f a r  a re  th e  most common w a te r -u s in g  a p p l ia n c e s  
found  i n  d w e ll in g s ,  b u t th e r e  a re  o b v io u s ly  o th e rs  which m ight need  t o  be 
in c lu d e d  f o r  p a r t i c u l a r  a p p l i c a t io n s .  Of th e s e ,  shower u n i t s  and d is h  
w ashers a re  th e  two u s in g  h o t w a te r  which a r e  most l i k e l y  to  be r e q u i r e d .
Such a p p lia n c e s  cou ld  be in c o rp o ra te d  i n  th e  program  u s in g  s im i l a r  te c h n iq u e s .
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11.2 Data
The most d i f f i c u l t  p a r t  o f  t h i s  e x e rc is e  was f in d in g  s u f f i c i e n t  d a ta  on 
w hich th e  model co u ld  he h a s e d . There seems to  he a  d i s t i n c t  s h o r ta g e  o f 
d e t a i l e d  in fo rm a tio n  on f re q u e n c y , volume and p a r t i c u l a r l y  te m p e ra tu re  o f  
use  o f  th e s e  s e r v ic e s .
However, th e  main o b je c t  o f  th e  program  was to  p ro v id e  a  demand sequence 
t h a t  was re a s o n a b ly  r e a l i s t i c  and was v a r ia b le  — so th a t  f o r  in s ta n c e  two 
b a th s  i n  a  row m ight be c a l le d  f o r  d u r in g  one d a y ’ s seq u en ce . I n  t h i s  
s e c t io n  a  b r i e f  acco u n t o f  th e  in fo rm a tio n  and i t s  o r ig i n  i s  g iv e n .
a )  S ources
A r e p o r t  by Thackray e t  a l  (2 3 ) on th e  r e s u l t s  o f  a  su rv ey  o f  d o m e stic  
w a te r  usage q u o te s  f re q u e n c ie s  o f  demand f o r  each  ty p e  o f  a p p l ia n c e ,  
to g e th e r  w ith  a s s o c ia te d  volum es o f  w a te r .  T h is  in fo rm a tio n  h as  been  aug­
mented by p r iv a t e  com m unication from  a  number o f  o th e r  s o u rc e s ,  in c lu d in g  
w a te r  a u t h o r i t i e s .
Tem perature p ro v es  to  be th e  most e lu s iv e  in fo rm a tio n .  A lthough BS CP 342 
(2 4 ) g iv e s  recommended h o t w a te r  d ra w -o ff  te m p e ra tu re s ,  w hich p ro v id e  u p p er 
l i m i t s ,  a  f a i r  amount o f  guess work and p e r s o n a l  e x p e r ie n c e  h a s  had  to  be u s e d .
The tim e o f  day a t  w hich p a r t i c u l a r  a p p l ia n c e s  a re  most l i k e l y  to  be u sed  i s  
c o n ta in e d  in  a  r e p o r t  by W ebster ( 2 5 ) on e a r l i e r  BRE w ork.
F u tu re  d e t a i l e d  BRE s tu d ie s  w i l l  m o n ito r th e  u se  o f  each  w a te r  o u t l e t  i n  
a  number o f  d w e llin g s  and p ro v id e  much more d a ta  on w hich t h i s  s o r t  o f  
model can be b ased ; b u t f o r  th e  moment th e  fo llo w in g  v a lu e s  have been  u s e d .
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b )  Bath
The av e rag e  number o f  b a th s  p e r  p e rso n  p e r  week ra n g e s  from  1 .5  -  2 .7  
a c c o rd in g  to  th e  v a r io u s  s o u rc e s .  As th e s e  a re  a v e ra g e s  o v er la rg e  numbers 
o f  h o u se h o ld s , i n  some c a se s  a  h ig h e r  r a t e  i s  o b ta in e d . F o r exam ple, in  
th e  M alvern  and M an sfie ld  s tu d y  (24)» 10$ o f  th e  h o u seh o ld s  m on ito red  
r e p o r te d  more th a n  3 b a th s  p e r  p e rso n  p e r  week. T aking  a l l  th e  a v a i la b le  
d a ta  i n to  a c c o u n t, a  mean v a lu e  o f  2 .4  b a th s  p e r  p e rso n  p e r  week ( o r  0 .3 4  
p e r  d ay ) h a s  been  ch o sen . The way in  w hich t h i s  mean v a lu e  i s  made up i n  
any one house i s  unknown b u t an  e s t im a te d  d i s t r i b u t i o n  h a s  been u se d , 
g iv in g  a  maximum o f  one b a th  p e r  p e rso n  i n  any one d ay . The tim e  o f  day 
d a ta  i s  b ased  on W ebster (2 6 ) and c o n s i s t s  o f  a  s e r i e s  o f  p r o b a b i l i t i e s  f o r  
each  2 -h o u r p e r io d  i n  th e  day ; f o r  exam ple, most b a th s  a re  ta k e n  betw een
18 .00  and 20 .0 0  h o u rs  on w eek-days.
The volume o f  each  b a th  seems to  v a ry  from  a  minimum o f  20 l i t r e s  up to  a  
maximum o f  200, bu t most occupy th e  ran g e  50—150* The program  th e r e f o r e  
s e l e c t s  volum es a t  random betw een th e s e  l i m i t s .
From th e  l i t t l e  in fo rm a tio n  a v a i l a b l e ,  a  mean b a th  te m p e ra tu re  o f  40°C, w ith  
a  s ta n d a rd  d e v ia t io n  o f  + 2°C h as  been  u sed  to  d e f in e  th e  norm al d i s t r i b u t i o n  
sam pled by th e  program .
c )  WC
The mean number o f  WC f lu s h e s  p e r  p e rso n  p e r  day ra n g e s  from  3*3 — 5*1 
and a  re a s o n a b le  average  seems to  be abou t 4*0. The in p u t  d a t a  c o n s i s t s  
o f  12 v a lu e s  f o r  th e  mean number o f  o p e ra t io n s  p e r  h o u r ,  one f o r  each  2 -h o u r 
p e r io d .  F o r exam ple, i n  a  fo u r  p e rso n  h o u seh o ld  th e  p e r io d  0 0 .0 0  -  0 2 .0 0  
h as  been  a s s ig n e d  a  v a lu e  o f  0 .1  p e r  h o u r on w eekdays, 0 .2  on S a tu rd a y s  and
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Sundays, w h ile  th e  p e r io d  06 .0 0  -  0 8 .0 0  (0 8 .0 0  -  10 .00  a t  w eekends) r i s e s  
t o  1 .6  p e r  h o u r . These v a lu e s  were s e le c te d  by r e f e r e n c e  to  W ebster*s 
usage  p a t t e r n ,  e n s u r in g  th a t  th e  mean o v e r a l l  r a t e  rem ains 16 p e r  d ay .
The volume u sed  depends on th e  p a r t i c u l a r  c i s t e r n  b u t a  s ta n d a rd  9 l i t r e  
c i s t e r n  p ro b a b ly  d e l iv e r s  ab o u t 9*6 l i t r e s  a t  each  f l u s h .
d ) W ash-basin
F ig u re s  f o r  w ash -b asin  usage a r e  more d i f f i c u l t  to  come by; an  av erag e  
o f  20 w ashes p e r  p e rso n  p e r  week seems to  be in d i c a te d ,  p lu s  a  q u ic k  r in s e  
a f t e r  each  WC u s e . D a ta  i s  in p u t  in  th e  same fo rm at a s  f o r  th e  WC.
Volumes o f  use  a re  abou t 3 l i t r e s  f o r  a  f u l l  wash and 0 .5  l i t r e s  f o r  a  
r i n s e .  The program  g e n e ra te s  a  random v a lu e  betw een 2 and 5 l i t r e s  f o r  a  
f u l l  wash and t h i s  i s  d iv id e d  by 5 f o r  a  r i n s e .
T em peratures a re  more co m p lica ted  s in c e  a  f a i r  p ro p o r t io n  o f  demands u se  
c o ld  w a te r  w h i ls t  most f u l l  w ashes a re  a t  ab o u t 38°C. In s te a d  o f  u s in g  a  
norm al d i s t r i b u t i o n ,  th e r e f o r e ,  an  e x p l i c i t  d i s t r i b u t i o n  i s  in p u t h a v in g  
a  p r o b a b i l i t y  o f  ab o u t 1 /3  t h a t  th e  te m p e ra tu re  w i l l  be 10°C, w ith  o th e r  
v a lu e s  betw een 32° and 42°C. R in ses  have no te m p e ra tu re s  a s s o c ia te d  w ith  
them a s  i t  i s  assumed th a t  th e  h o t  ta p  i s  opened and w a te r  i s  u sed  a t  
w ha tev e r te m p e ra tu re  em erges from  th e  p ip e .
e )  K itc h e n  s in k
The demand fo r  the sink  and washing machine i s  much le s s  dependent on the 
number o f people in  the household than the appliances mentioned so fa r .  
About 30 washing-up operations seems to  be average fo r  a household in  a 
week, p lus about 7 bowls fo r  hand-washing c lo th e s . Input data c o n s is ts  
o f p r o b a b ilit ie s  fo r  the number o f  uses in  a day, p lus a time d is tr ib u tio n
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a g a in  b ased  on W ebste r, The ran g e  o f  u se s  i s  a lm o st e n t i r e l y  guessw ork 
and f i n i t e  p r o b a b i l i t i e s  a re  a s s o c ia te d  w ith  v a lu e s  o f  from  1 - 8 ,  T his 
ig n o re s  u se  o f  th e  c o ld  ta p  f o r  co o k in g  and d r in k in g ,  a s  m entioned  e a r l i e r .  
The volum es concerned  a re  a g a in  l a r g e ly  unknown and e s t im a te s  o f  betw een 
4 and 10 l i t r e s  have been u se d , a t  te m p e ra tu re s  a v e ra g in g  40°C w ith  a  
ran g e  o f  ±  3°C,
f  ) W ashing m achines
E s tim a te s  o f  th e  number o f  w ash ing  m achine lo a d s  p e r  week ran g e  from  1 ,4  
up to  5* An av erag e  v a lu e  o f  3 h a s  been  s e le c te d  h e re  and th e  d i s t r i b u t i o n  
w ith  a  maximum usage o f  2 lo a d s  p e r  day used  a s  in p u t .  S ince  i t  i s  v e ry  
l i k e l y  t h a t  i f  2 lo a d s  a re  washed i n  a  day th e y  a re  done one a f t e r  th e  
o th e r ,  th e  program  p ic k s  th e  tim e  o f  th e  f i r s t  from  an  in p u t d i s t r i b u t i o n ,  
th e n  cau ses  th e  second to  fo llo w  on a f t e r  an  i n t e r v a l  o f  an  h o u r .
As m entioned  e a r l i e r ,  volum es v a ry  c o n s id e ra b ly  from  one m achine to  a n o th e r  
and th e  in p u t  p a ra m e te rs  sh o u ld  p ro b a b ly  be v a r ie d  a c c o rd in g ly .  I n  t r i a l  
ru n s  a  f ix e d  v a lu e  o f  40 l i t r e s  f o r  th e  wash c y c le  o f  an a u to m a tic  m achine 
was u se d , a t  a  te m p e ra tu re  o f  50°C, fo llo w e d  by 3 co ld  r i n s e s  o f  40 l i t r e s  
e a c h .
1 1 .3  O p e ra tio n  o f  th e  program
The program  d e s c r ib e d  can be u sed  i n  a  number o f  w ays. F o r developm ent 
p u rp o ses  i t  i s  used  on i t s  own and th e  d a i l y  sequence o f  demand produced  
by i t  can  be l i s t e d  and in s p e c te d .  A l t e r n a t iv e ly ,  th e s e  seq u en ces  can  be 
w r i t t e n  to  a  f i l e  which i s  su b se q u e n tly  u sed  a s  in p u t to  th e  model r e q u i r i n g  
th e  d a ta .  The t h i r d  approach  i s  to  in c o rp o r a te  r e le v a n t  s e c t io n s  o f  th e
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program  w ith in  th e  main m odel, though t h i s  may make i t  r a t h e r  la rg e  
and cumbersome.
F o r each  ru n  o f  th e  program  a  f a i r  amount o f  d a ta  i s  r e q u i r e d ,  s in c e  
most o p e ra t io n s  r e q u i r e  2 o r  3 l i s t s  o f  v a lu e s .  The program  e x p e c ts  
one s e t  f o r  weekdays and one each  f o r  S a tu rd ay s  and Sundays. G iven 
t h i s ,  how ever, i t  w i l l  p roduce sequences o f  demand f o r  a s  many days 
o r  weeks a s  a r e  n eed ed , w ith  no r e p e t i t i o n .
I t  i s  in te n d e d  th a t  th e  s ta n d a rd  d a ta  d is c u s s e d  in  S e c tio n  11.2  be 
w r i t t e n  to  a  D ire c t  A ccess f i l e  c o n ta in in g  s e t s  o f  d a ta  f o r  h o u seh o ld s  
o f up to  6 members and in c lu d in g  s e p a ra te  weekend v e r s io n s .  A s in g le  
in p u t v a r ia b le  w i l l  th e n  s p e c ify  which s e c t io n  o f  d a ta  i s  to  be u sed  
f o r  a  p a r t i c u l a r  ru n . I t  w i l l  th e n  be p o s s ib le  to  add o th e r  s e t s  to  
t h i s  to  c o v e r , f o r  exam ple, h o u seh o ld s  where ev e ry  member h a s  a  b a th  
ev e ry  day o r  where a  tw in - tu b  w ashing  m achine i s  u se d . A l te r n a t iv e ly ,  
s p e c i f i c  reg im es can be s tu d ie d  by u s in g  a  s p e c ia l ly  p re p a re d  s e t  o f  
d a ta  a t  ru n  tim e .
The sequences o f  demand produced by th e  program  a re  v a r i a b l e .  No two 
days w i l l  be a l i k e ,  e i t h e r  in  th e  number o f  e v e n ts  o r t h e i r  t im in g . In  
most system  m odels t h i s  w i l l  p ro b a b ly  be a  s u i t a b ly  t e s t i n g  s t r a t e g y ,  
s in c e  perfo rm ance r e s u l t s  from  one week can be compared w ith  r e s u l t s  from  
a n o th e r .  The sequence o f  random numbers can  be a l t e r e d  from  one ru n  to  
th e  n e x t by chan g in g  th e  * seed ' v a lu e  r e q u ir e d  a s  in p u t .
I n  some h o u seh o ld s  a  v e ry  r i g i d  p a t t e r n  o f  demand i s  ad h ered  to ;  where 
each  p e rso n  h as  h i s  b a th  a t  th e  same tim e  e v e ry  week f o r  in s ta n c e .  By 
s u i t a b ly  a d ju s t in g  th e  in p u t d i s t r i b u t i o n  t h i s  s i t u a t i o n  can be s im u la te d  
f a i r l y  a c c u r a te ly ,  b u t th e n  th e  problem  a r i s e s  a s  to  w h eth er t h i s  s p e c i f i c
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p a t t e r n  happens to  g e t  th e  b e s t  o r  w orst ou t o f  th e  system  b e in g  s tu d ie d .  
I n  g e n e ra l i t  w i l l  p ro b a b ly  be more s a t i s f a c t o r y  to  u se  a  v a r ia b le  demand.
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12. RESULTS PROM THE MODEL
12.1 T est runs
I t  became c l e a r  t h a t  th e  p r o je c t  w ould have t o  be te rm in a te d  b e fo re  th e  
s u c c e s s fu l  s im u la tio n  o f  th e  h e a t re c o v e ry  u n i t .  At t h i s  p o in t  a  number 
o f  t r i a l  ru n s  o f  th e  model w ere conducted  t o  g e t some id e a  o f  th e  b e h a v io u r  
o f  th e  system  and i t s  l i k e l y  p e rfo rm a n ce . S ix  o f  th e s e  ru n s  were c a r r i e d  
out u s in g  th e  same demand p a t t e r n  b u t w ith  d i f f e r e n c e s  in  th e  model in  
each c a s e . Each ru n  was f o r  a  p e r io d  o f  f iv e  days (assum ed t o  be w eekdays) 
fo llo w in g  a  one-day  i n i t i a l i s a t i o n  p e r io d .  The demand p a t t e r n  u sed  was 
b ased  on a  4 -p e rso n  household* .
The in d iv id u a l  ru n s  a re  d e s c r ib e d  below  g iv in g  th e  a ssu m p tio n s  and modi­
f i c a t i o n  in  each c a s e , to g e th e r  w ith  th e  en e rg y  and w a te r  s a v in g s  a c h ie v e d .
a )  Run 1
The o b je c t o f  th e  f i r s t  two ru n s  was t o  e s t a b l i s h  what e f f e c t  th e  s t r a t i ­
f i c a t i o n  o f  th e  w aste  ta n k  would have on th e  r e s u l t s .  I n  th e  f i r s t  ru n  
th e  v e ry  crude 'dummy* h e a t exchange s e c t io n  o f  th e  program  was u se d , as 
i t  had been  d u r in g  th e  developm ent o f  th e  o p e r a t io n a l  s id e  o f  th e  m odel.
I n  t h i s  s e c t io n  no h e a t lo s s  was assumed t o  o ccu r from e i t h e r  th e  p re h e a t  
o f  th e  w aste  t a n k s .  T ra n s fe r  from one t o  th e  o th e r  o ccu rred  ( i n  e i t h e r  
d i r e c t i o n )  by th e  s im p le  e x p ed ien t o f  in c r e a s in g  (o r  d e c re a s in g )  th e  
p re h e a t te m p e ra tu re  by an amount e q u a l t o  h a l f  th e  d i f f e r e n c e  be tw een  t h a t  
te m p e ra tu re  and th e  mean w aste  te m p e ra tu re .  The w aste  te m p e ra tu re  was 
th e n  a d ju s te d  a c c o rd in g ly , d ep end ing  on i t s  volum e. T his p ro c e s s  o n ly  
o ccu rred  once betw een s u c c e s s iv e  demand o p e r a t io n s .  Waste w a te r  d i tc h e d  
in to  th e  ta n k  was assumed t o  m ix c o m p le te ly  w ith  th e  e x i s t i n g  c o n te n ts .
I
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A ll w aste  w a te r  from th e  b a th  and b a s in  w ere assumed t o  be dumped in  th e  
w aste  ta n k ,  b u t th e  w ash ing  m ach in e’ s o u tp u t was se n t d i r e c t l y  t o  th e  
d ra in *
The r e s u l t s  from t h i s  ru n  showed a  w a te r  s a v in g  o f  840 l i t r e s  d u r in g  th e  
week, e q u a l t o  3&fo o f  t h a t  u sed  in  th e  c o n v e n tio n a l r i g .  The en erg y  
s a v in g  was 45 M eg ajo u les , e q u a l t o  18*5%«
b )  Run 2
In  t h i s  second ru n  th e  o n ly  d i f f e r e n c e  was t h a t  th e  w aste  ta n k  was assumed 
s t r a t i f i e d  and b o th  th e  p re h e a t  and w aste  ta n k  lo s t  h e a t t o  th e  atm osphere* 
In  f a c t ,  b ecause  o f  th e  low te m p e ra tu re s  in v o lv e d  th e s e  lo s s e s  were i n s i g ­
n i f i c a n t  and in  f a c t  b ecau se  th e  am bient a i r  a t  22°C was o f te n  warmer th a n  
th e  w aste  ta n k  th e r e  was a  n e t  g a in  over th e  week o f 0*4 MJ. The h e a t  
t r a n s f e r  was assumed t o  ta k e  p la c e  o n ly  from th e  u p p er w aste  la y e r  t o  th e  
whole p re h e a t volum e, b u t i t  was ta k e n  t o  be  in s ta n ta n e o u s  in  o rd e r  t o  
g iv e  some id e a  o f  th e  u p p er l im i t  o f  th e  en e rg y  s a v in g s .
The r e s u l t s  from t h i s  showed a  sm a ll in c re a s e  in  th e  en e rg y  s a v in g  from 
18*5$ t o  21*4%« As ex p ec ted  th e  w a te r  s a v in g  was unchanged.
c )  Run 3
In  t h i s  ru n  th e  program  was m o d ified  so  t h a t  o n ly  w a te r  warmer th a n  th e  
p re h e a t ta n k  was d i tc h e d  in to  th e  w aste  ta n k .  Any o th e r  went d i r e c t l y  
t o  th e  d r a in .  T his s im u la te d  th e  i n s e r t i o n  o f  a  th e r m o s ta t i c  v a lv e  in  
th e  w aste  p ip e  — a  concep t w hich m ight have caused  b lo c k in g  prob lem s i f  
i t  had been  t r i e d  in  th e  r i g .
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The e f f e c t  was t o  red u ce  th e  w a te r  s a v in g  t o  34%» w h ile  th e  en erg y  sa v in g  
in c re a s e d  by  a  m eagre 0.1% . T his was p ro b a b ly  b ecau se  when c o n s id e r in g  
o n ly  th e  b a th  and b a s in  l i t t l e  c o ld  w aste  w a te r  i s  g e n e ra te d .
d )  Run 4
To in c re a s e  th e  amount o f  w aste  w a te r  a v a i la b le  and a l s o  t o  p ro v id e  a  
h ig h e r  w aste  te m p e ra tu re  th e  w ash ing  m achine p ro ced u re  was m o d ified  t o  
send  i t s  o u tp u t t o  th e  w aste  ta n k ,  p ro v id in g  th e  te m p e ra tu re  was h ig h e r  
th a n  th e  p re h e a t  ta n k .  O therw ise  t h i s  ru n  was th e  same as ru n  3 .
T h is  showed th e  w ash ing  m achine t o  be a  s ig n i f i c a n t  f a c t o r  in  th e  p e r ­
fo rm ance. The w a te r  s a v in g  ro s e  t o  39% w h ile  th e  en erg y  saved  reac h ed
29 . 655.
o) Run 5
One p o s s ib le  way t o  red u ce  th e  c a p i t a l  c o s t o f  th e  system  would be i f  th e  
w a te r  were no t r e c y c le d  t o  f lu s h  th e  WC b u t s im p ly  p a sse d  th ro u g h  a  f ix e d  
volume w aste  ta n k  t o  e x t r a c t  th e  h e a t  b e fo re  o v e rflo w in g  t o  th e  d r a i n .  
T h is would save on th e  WC su p p ly  pump and c o n t ro l  g e a r  and th e  equipm ent 
needed t o  s e r v ic e  th e  m oveable p re h e a t ta n k .
The r e s u l t s  from a  s u i t a b ly  m o d ified  program  gave o n ly  a  m a rg in a lly  
in c re a s e d  en e rg y  s a v in g  o f  30.2%. On th e  o th e r  hand t h i s  m ight be 
f i n a n c i a l l y  more a c c e p ta b le .
f ) Run 6
As a  f i n a l  t e s t  th e  p ro ced u re  o f  Run 4 was re p e a te d  u s in g  an  in c re a s e d  
c o ld  w a te r  te m p e ra tu re  o f  14°C in s te a d  o f  10°C.
As m ight be ex p ec ted  th e  en erg y  s a v in g  d ropped  a  l i t t l e ,  t o  27.3%•
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12.2 Results
Prom th e  r e s u l t s  o f  th e s e  s i x  t r i a l s  a  few g e n e ra l  rem arks can he made. 
F i r s t l y  th e  f ig u r e s  f o r  w a te r  s a v in g s ,  w hich show a  s a v in g  o f  a t  l e a s t  
35&  a re  no t s t r i c t l y  a c c u r a te .  I n  b o th  r i g s  th e  s im u la tio n  model 
n e g le c te d  any u se  o f  th e  k i tc h e n  s in k  in  w hich o n ly  co ld  w a te r  i s  u s e d . 
T h is in c lu d e s  w a te r  f o r  d r in k in g ,  co o k in g , e t c  and p ro b a b ly  amounts on 
av erag e  to  about 20 l / p /d a y .  T h is  means t h a t  a lth o u g h  th e  w a te r  saved  
rem ains unchanged, th e  t o t a l  consum ption  sh o u ld  be h ig h e r ,  re d u c in g  th e  
p e rc e n ta g e  s a v in g  t o  30 -  33%• However, as d is c u s s e d  in  C h ap te r 8 , t h i s  
i s  s t i l l  a  c o n s id e ra b le  s a v in g , am ounting t o  some 1000 l i t r e s  p e r  week 
f o r  a  4~ person  h o u seh o ld .
I n  en erg y  te rm s , th e  sa v in g s  in  h e a t in g  d o m e stic  h o t w a te r  amount t o  a  
maximum o f  betw een 25 and 30%. T h is  c o rre sp o n d s  t o  about 12 MJ p e r  day  
f o r  a  4-ip e rso n  h o u seh o ld , o r 3*3 kWh. T his s a v in g  i s  b ased  on a  h e a t 
exchanger h av in g  a  f a i r l y  h ig h  th e rm a l e f f i c i e n c y  so  sh o u ld  be  re g a rd e d  as 
a  maximum v a lu e .
These f ig u r e s  would p ro b a b ly  v a ry  w id e ly  from one h o u seh o ld  t o  a n o th e r  and 
i t  i s  in  t h i s  f i e l d  t h a t  th e  v a r i a b le  demand model would have b een  u s e f u l  
in  d e te rm in in g  th e  ran g e  o f  r e s u l t s  t o  b e  e x p e c te d .
However i t  i s  i n t e r e s t i n g  t o  compare th e  sa v in g s  in  f i n a n c i a l  te rm s w ith  
th e  c a p i t a l  and m ain tenance  c o s ts  o f  th e  sy stem , s in c e  even  w ith  th e  
approx im ate  f ig u r e s  a v a i la b le  some f e e l  f o r  th e  econom ic v i a b i l i t y  can be 
gained*
I n  1978 th e  c o s t o f t h e  com plete system  was e s t im a te d  t o  be  £170 (s e e  
Rump (19))»  so a t  th e  p re s e n t  tim e  would p ro b a b ly  be about £300.
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M aintenance c o s t s  were e s t im a te d  to  be £5 p e r  annum, o r  £9 now. W ater 
s a v in g s  a re  d i f f i c u l t  to  c o s t  s in c e  a s  f a r  a s  th e  h o u se h o ld e r  i s  concerned  
th e re  would be no f i n a n c i a l  in c e n t iv e  u n le s s  a d ju s tm e n ts  to  w a te r r a t e s  
were in t ro d u c e d .  From a  n a t io n a l  v ie w p o in t, economy m easures postpone th e  
developm ent o f  new r e s o u rc e s ,  which would c o s t  more th a n  e x i s t i n g  s u p p l ie s .  
A f ig u r e  o f  2 8 .5  pence/m ^ h as  been used  h e r e .  T h is  does n o t in c lu d e  
sa v in g s  r e s u l t i n g  from red u ced  sewage h a n d lin g  which a r e  d i f f i c u l t  to  
c o s t .
As f a r  a s  energy  i s  concerned  much w i l l  depend on hov; th e  w a te r  i s  to  be 
h e a te d .  At p re s e n t  th e  m arg in a l c o s t  to  th e  h o u se h o ld e r  f o r  g as  i s  16 .5  
pence p e r  therm  o r  £ 1 .5 6 /G J . E l e c t r i c i t y  c o s ts  3*03 pence p e r  kWh. The 
a n n u a l s a v in g s  th en  become £ 6 .8 5  i f  g as  i s  u se d , £ 36 .5 0  i f  e l e c t r i c i t y .
As f a r  a s  th e  h o u se h o ld e r i s  co nce rned  t h i s  h as  to  o f f s e t  a  c a p i t a l  charge 
o f  £300  p lu s  £9 p e r  annum in  m a in ten a n ce .
To th e  h o u se h o ld e r , th e r e f o r e  th e  s i t u a t i o n  a p p e a rs  a s  fo llo w s :
C a p i ta l  o u t la y  £300
N et r e tu r n  i f  e l e c t r i c i t y  u sed  £27*50 p . a .  ( p r e s e n t  c o s ts )
Net r e tu r n  i f  g as  < 0
W ithout go ing  in to  a  d e t a i l e d  economic ex am in a tio n  i t  i s  a p p a re n t t h a t  
even w ith  e l e c t r i c  h e a t in g  th e  system  i s  n o t a t t r a c t i v e  f i n a n c i a l l y  and 
w i l l  o n ly  become so i f  energy  c o s ts  r i s e  s i g n i f i c a n t l y  f a s t e r  th a n  o th e r  
p r i c e s .
From a  n a t io n a l  v iew p o in t th e  w a te r  sa v in g s  can be ta k e n  in to  a c c o u n t. 
These amount to  a  f u r th e r  £ 1 4 .8 0  p . a .  The en erg y  c o s t  to  th e  n a t io n  
p ro b ab ly  ough t to  be a com plex f ig u r e ,  making some a llo w an ce  f o r  th e  
c o s ts  o f  in c re a s e d  g e n e ra tin g  c a p a c i ty ,  f o r  in s ta n c e .  F o r th e  p re s e n t  
pu rpose  th e  dom estic  r a t e  w i l l  s u f f i c e .  The r e s u l t i n g  f i g u r e s  become:
C a p i ta l  o u tla y  £300
Net r e tu r n  f o r  e l e c t r i c i t y  £ 4 2 .3 0  p . a .  ( p r e s e n t  c o s ts )
Net r e tu r n  f o r  g as  £6 .8 3  p . a .
The system  m ight now be re g a rd e d  a s  m a rg in a lly  w o rth w h ile , a l th o u g h  
a g a in  o n ly  i f  e l e c t r i c i t y  i s  u sed  a s  th e  h e a t in g  a g e n t .
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1 3 .  DISCUSSION
The work d e s c r ib e d  i n  t h i s  s e c t io n  o f  th e  t h e s i s  was u n s a t i s f a c to r y  in  
one s e n s e .  I t  was l e f t  w ith  a  number o f  lo o se  ends w hich cou ld  n o t be 
t i e d  up b eca u se  s h o r ta g e  o f  t im e  and s t a f f  e n fo rc e d  a  r e a p p r a i s a l  o f  
p r i o r i t i e s .  There were a  number o f  t e c h n ic a l  im provem ents t o  th e  
la b o ra to r y  r e c y c l in g  r i g ,  f o r  in s ta n c e ,  w hich rem ained  u n te s t e d .  F ra n  th e  
p o in t  o f  v iew  o f t h i s  work i t  was u n fo r tu n a te  in  some ways t h a t  th e  simu­
l a t i o n  o f th e  h e a t  exchange p ro c e s s e s  co u ld  no t have been  p e r f e c te d .
On th e  o th e r  hand th e  s im u la t io n  model was s u f f i c i e n t l y  d ev e lo p ed  t o  
perfo rm  a t  l e a s t  p a r t  o f  i t s  t a s k .  The r e s u l t s  d e s c r ib e d  in  th e  p re c e d in g  
c h a p te r  show t h a t  th e  system  i s  no t an  eco n o m ica lly  v ia b le  one a t  th e  
p re s e n t  tim e  and th e r e f o r e  i t  may be j u s t  as  w e ll  t h a t  f u r t h e r  tim e  and 
money w ere no t expended.
However th e r e  a re  s e v e r a l  p o in ts  w hich ought t o  be b ro u g h t o u t .  The f i r s t  
o f  th e s e  i s  t h a t  th e  id e a  o f  a  r e c y c l in g  system  u s in g  a  ta n k - w i th in - a - t a n k  
was shown to  work w e ll and t h a t  sh o u ld  w a te r  o r  en e rg y  p r ic e s  r i s e  
d r a m a t ic a l ly  i n  th e  f u tu r e  o r  c o n s e rv a t io n  o f  re s o u rc e s  become an  end in  
i t s e l f ,  th e  groundw ork has been  done and th e  scheme m ight become v i a b l e .
S econd ly , d ra m a tic  im provem ents in  en erg y  re c o v e ry  cou ld  be  a c h ie v e d  by 
means o f  a  h e a t  pump. T h is cou ld  b e  u sed  t o  e x t r a c t  much more o f  th e  
w aste  h e a t th a n  any c o n v e n tio n a l h e a t ex ch a n g e r. I n s t a l l a t i o n  c o s ts  would 
o b v io u s ly  have t o  r i s e  and space  m ight become more o f  a  problem  b u t th e r e  
m ight be some m ileag e  in  t h i s  once h e a t pumps become u sed  more g e n e r a l ly .  
Work on h e a t re c o v e ry  w ith o u t r e c y c l in g  i s  g o in g  on in  a  number o f  h e a t 
pump re s e a rc h  s e c t i o n s ,  in c lu d in g  a t  BRE.
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One problem  w hich i s  o f te n  quo ted  as th e  most obvious i n  a  r e c y c l in g  
scheme i s  t h a t  o f th e  appea ran ce  and f r e e - f lo w in g  p r o p e r t i e s  o f  *grey* 
w a te r .  Sm ith (2 1 ) r e p o r t s  t h a t  th e  g re a s e  and o th e r  co n tam in a n ts  in  
b a th  and w ashing w a te r  p re s e n t  no p ro b lem s. A t h i n  la y e r  o f  d e p o s i t s  d id  
b u i ld  up b u t th e n  rem ained  s t a t i c  and no b lo ck ag e  o f  v a lv e s  o r  p ip e  
o u t l e t s  o c c u r re d . H is system  d id  no t r e c y c le  th e  w a te r ,  how ever. The 
BHE p ro p o s a ls  were t h a t  a  c o a rse  f i l t e r  and a  d e o d o ra n t /c o lo u r in g  m a te r ia l  
cou ld  be  p la c e d  in  th e  w a te r  b e fo re  i t  reac h ed  th e  WC. Most p o t e n t i a l l y  
unwelcome m a te r ia l  would s e t t l e  out q u ic k ly  and would e i t h e r  be removed 
v ia  th e  o v erflo w  o r  co u ld  be f lu s h e d  out o c c a s io n a l ly .
The developm ent o f  th e  demand g e n e ra to r  program  re v e a le d  a  s e r io u s  
d e f ic ie n c y  in  a v a i la b le  d a t a  on th e  u sag e  o f  w a te r  w i th in  t h e  home. Only 
tw o v e ry  l im i te d  s tu d ie s  have b een  r e p o r te d  and d a ta  i s  needed on such  
to p ic s  as le n g th s ,  f r e q u e n c ie s  and tim e s  o f  u se  o f  a l l  d o m e s tic  o u t l e t s ,  
p lu s  vo lum es, te m p e ra tu re s  and flow  r a t e s  f o r  each  demand c a te g o ry .  The 
la c k  o f  such  in fo rm a tio n  makes th e  demand g e n e ra to r  a  r a t h e r  c ru d e  model 
b u t a  c u r re n t  BRE r e s e a rc h  p r o je c t  sh o u ld  go some way to w ard s im prov ing  
t h i s  s i t u a t i o n .
F o llo w in g  th e  co m p le tio n  o f  th e  e x p e rim e n ta l s ta g e s  o f  t h i s  work and th e  
p u b l i c a t io n  o f  an i n t e r n a l  r e p o r t  on th e  demand g e n e ra to r  p rogram , i t  has 
become a p p a re n t t h a t  o th e r  r e s e a r c h e r s  a re  i n t e r e s t e d  in  s im i l a r  schem es.
A member o f  T ren t P o ly te c h n ic  (2 6 ) i s  d e v e lo p in g  a  s im i la r  s im u la t io n  model 
t o  t h a t  r e p o r te d  h e r e ,  b ased  a t  l e a s t  p a r t l y  on in fo rm a tio n  made a v a i la b le  
by BRE. T h is  would seem t o  in d ic a te  t h a t  th e r e  a re  o th e rs  who b e l ie v e  a t  
l e a s t  in  th e  p r in c i p le  o f  th e  system  and in  th e  means o f  in v e s t i g a t in g  i t .
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14 CONCLUSIONS
The two p ie c e s  o f  work d e s c r ib e d  in  t h i s  t h e s i s  have covered  many a s p e c ts  
o f th e  u se  o f  s im u la t io n  t o  a id  th e  d e s ig n  o f "b u ild ing  s e rv ic e s *
Both have in v o lv e d  th e  developm ent o f  a  com puter s im u la tio n  model* That 
f o r  t h e  cloakroom  s tu d y  was w r i t t e n  in  a  p u rp o se -d e s ig n e d  s im u la t io n  
language (CSL) which h an d led  a  good d e a l  o f  th e  s t r u c t u r e  o f  th e  m odel. 
That f o r  th e  r e c y c l in g  r i g  was w r i t t e n  in  F o r t r a n  b ecau se  o f  th o s e  com­
p onen ts  in  w hich co n tin u o u s  p ro c e s s e s  w ere invo lved*  The r e c y c l in g  s tu d y  
a l s o  employed a  model t o  g e n e ra te  demand d a ta  f o r  w a te r -u s in g  a p p lia n c e s  
and t h i s  was w r i t t e n  p a r t l y  in  F o r t r a n  and p a r t l y  in  CSL, m aking u se  o f  
th e  ad v an tag es  o f  b o th  languages*
One o f  th e  m ain b e n e f i t s  o f  u s in g  s im u la t io n  was th e  e x t r a  in s ig h t  w hich 
th e  a c t o f  c o n s t r u c t in g  an a c c u ra te  model gave t o  th e  d e t a i l e d  w orkings 
o f  th e  system s u n d er c o n s id e ra tio n *  I t  w ould have been  v e ry  easy  t o  have 
o v erlooked  scxne o f  th e s e  d e t a i l s  i f  s im p l ify in g  assum ptions had b een  made 
a t  th e  s t a r t .  The d is c r e p a n c ie s  betw een  th e  m odel*s p r e d ic t io n s  and th e  
m o n ito r in g  r e s u l t s  in  some o f th e  c loak room s, f o r  in s ta n c e ,  le d  t o  th e  
g r e a t e r  u n d e rs ta n d in g  o f  th e  i n t e r a c t io n s  betw een u s e r s  and s a n i t a r y  
a p p lia n c e s  and o f  t h e i r  b e h a v io u r  u n d e r d i f f e r e n t  c o n d i t io n s .  Such i n t e r ­
a c t io n s  would be  r e v e a le d  in  o th e r  a re a s  s u b je c te d  t o  th e  same ap p ro ac h . 
The u se  o f  l i f t s ,  f o r  exam ple, i s  one a r e a  w here s im u la t io n  has been  
s u c c e s s f u l ly  a p p lied *  S im i la r ly  th e  h e a t t r a n s f e r  p ro c e s se s  in  th e  
r e c y c l in g  sy s tem s , a lth o u g h  not m o delled  w ith  com plete s u c c e s s ,  w ere a  
g r e a t  d e a l  b e t t e r  u n d e rs to o d  as a  r e s u l t  o f  com paring * liv e*  d a t a  w ith  th e  
r e s u l t s  o f  program s s im u la t in g  p a r t  o f  th e  r ig *
B ecause s im u la tio n  u se s  a  d i r e c t  r e p r e s e n ta t io n  o f  th e  system  i t  s e t s  out 
to  m odel, no t o n ly  i s  th e  u n d e rs ta n d in g  o f t h a t  system  enhanced , b u t
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co n fid e n ce  in  th e  p r e d ic t io n  o f  th e  model i s  g r e a t e r  th a n  i f  com plex 
s t a t i s t i c a l  o r m a th em a tic a l t r e a tm e n ts  had been  used* Thus th e  s c a le s  o f  
p ro v is io n  p roposed  f o r  cloakroom s can  be re g a rd e d  as b e in g  l im i te d  o n ly  by 
th e  d e f i n i t i o n  o f  a  s a t i s f a c t o r y  s ta n d a rd ,  r a t h e r  th a n  by th e  l i m i t a t i o n s  
o f  th e  model* S im i la r ly  th e  b e h a v io u ra l  p r e d ic t io n s  f o r  th e  r e c y c l in g  
u n i t ,  a lth o u g h  c ru d e , can  be  t r e a t e d  as f irm  g u id e l in e s  on w hich t o  b a se  
any f u tu r e  w ork.
Both p r o je c t s  r e q u ire d  th e  a c q u i s i t i o n  o f c o n s id e ra b le  amounts o f  d a t a  in  
o rd e r  t o  d e s c r ib e  th e  system  a d e q u a te ly .  I n  th e  cloakroom  s tu d y  t h i s  
in v o lv ed  in v e s t ig a t in g  th e  u sage  o f  th e  cloakroom  and o f  th e  v a r io u s  
a p p lia n c e s  w ith in  them . T h is in fo rm a tio n  had  th e n  t o  be  p ro c e s se d  t o  
p ro v id e  d a ta  d i s t r i b u t i o n s  from w hich th e  b e h a v io u r  o f each u s e r  in  th e  
model co u ld  be sampled* The r e c y c l in g  s tu d y  in v o lv ed  two ty p e s  o f  d a t a .  
The f i r s t  concerned  th e  d e t a i l e d  h e a t  exchange p ro c e s s e s  w i th in  th e  h e a t 
re c o v e ry  u n i t ,  o b ta in e d  by u s in g  th e rm o co u p le s  connec ted  t o  c h a r t  and 
m ag n e tic  ta p e  r e c o r d e r s .  The second ty p e  r e q u ir e d  a  knowledge o f  th e  
demands made by o ccupan ts  o f  d w e llin g s  on th e  w a te r -u s in g  a p p lia n c e s  -  
knowledge w hich ap p ea rs  t o  be  sp a rse*
I t  can be se e n , t h e r e f o r e ,  t h a t  th e s e  two a re a s  o f  w ork, a lth o u g h  v e ry  
d i f f e r e n t  in  san e  ways, have many th in g s  in  common and by u s in g  d i f f e r e n t  
f a c e ts  o f  th e  g e n e ra l  s im u la tio n  approach  have confirm ed  i t s  u s e fu ln e s s  in  
s tu d ie s  o f  t h i s  k in d .
15 SUGGESTIONS FOR FURTHER WORK
There a re  a  number o f  ways i n  which th e  work d e s c r ib e d  in  t h i s  t h e s i s  
co u ld  be ex ten d ed  in  th e  f u t u r e .  One o b s ta c le  common to  b o th  th e  a re a s  
o f  work i s  th e  la c k  o f  d a ta  on th e  u sage  o f  w a te r—u s in g  a p p lia n c e s  in  
b u i ld in g s  o f  a l l  s o r t s .
F o r exam ple, in  th e  ca se  o f  o f f i c e  and sch o o l c loakroom s, i t  would be 
a  f a i r l y  s t r a ig h tf o r w a r d  e x e r c is e  to  o b ta in  more d a ta  on flo w  r a t e s  and 
volum es f o r  th e  ta p s  on th e  b a s in s  and th e n  to  u se  t h i s  in  th e  flo w  model 
d e s c r ib e d  in  C hap ter 5« I t  would th e n  be p o s s ib le  to  d e te rm in e , f o r  any 
c o n f ig u ra t io n  o f  a p p l ia n c e s ,  a  p r o b a b i l i t y  d i s t r i b u t i o n  o f  t o t a l  w a te r  
demand f o r  a  g iv e n  u s e r  p o p u la t io n .  I n  p a r t i c u l a r ,  i f  i t  i s  assumed t h a t  
th e  cloakroom  i s  d e s ig n ed  in  acco rd an ce  w ith  th e  p ro p o s a ls  s e t  ou t in  
C hapter 4» th e n  th e  w a te r  demand f o r  th e  maximum u s e r  demand on each 
c o n f ig u ra t io n  cou ld  be o b ta in e d . T h is sh o u ld  th e n  be compared w ith  
t r a d i t i o n a l  methods o f  e s t a b l i s h in g  w a te r  demand and i f  shown to  be a  
b e t t e r  approach  cou ld  be a p p l ie d  e lse w h e re . The w a te r  demand f o r  each  
cloakroom  co u ld  be combined f o r  th e  w hole b u i ld in g  e i t h e r  by s im u la tio n  
te c h n iq u e s  o r  by a p p ly in g  s t a t i s t i c a l  m ethods such  a s  m u ltin o m ia l a n a l y s i s .  
In  t h i s  way, demand and th e r e f o r e  p ip e  s iz e s  co u ld  be r e l a t e d  d i r e c t l y  to  
th e  u s e r  p o p u la tio n  in  th e  same way a s  a p p lia n c e  num bers.
In  th e  same f i e l d ,  o th e r  work i s  needed to  a p p ly  th e  s im u la tio n  d e s ig n  
te c h n iq u e  to  o th e r  b u i ld in g  ty p e s .  As d e s c r ib e d  in  C hap ter 6 , t h i s  i s  
a lre a d y  b e in g  done f o r  p u b l ic  co n v e n ie n c e s , b u t o th e r  a re a s  in c lu d e  
th e a t r e s  and shopp ing  p r e c i n c t s .  I n  b o th  th e s e ,  c a s u a l o b s e rv a tio n  o f  
queue le n g th s  f o r  women’s cloakroom s in d i c a te  t h a t  some d e s ig n  work i s  
n eeded . To do t h i s  p r o p e r ly ,  f u r t h e r  d a ta  c o l l e c t io n  i s  r e q u ir e d  in
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th e s e  and o th e r  b u i ld in g s  to  e s t a b l i s h  demand p a t t e r n s  and a l s o  to  
d e te rm in e  some u s e f u l  * s a t i s f a c t io n *  c r i t e r i a *
T his l a s t  s u b je c t  i s  one in  which c o n s id e ra b le  th o u g h t i s  needed* In  
a l l  b u i ld in g  s e r v ic e s  th e r e  i s  a  need  f o r  a  r e a l i s t i c  c r i t e r i o n  o r  s e t  
o f  c r i t e r i a  by w hich th e  s ta n d a rd  o f  s e rv ic e  can  be judged* Some o f  th e  
prob lem s have a l re a d y  been d is c u s s e d  b u t u n t i l  th e  problem  i s  so lv e d , 
any a t te m p ts  to  red u ce  th e  to l e r a n c e s  in  d e s ig n  rem ain  r a t h e r  a r b i t r a r y *
The o th e r  a r e a  in  w hich d a ta  on w a te r  u se  i s  r e q u ir e d  i s  t h a t  d e s c r ib e d  
in  C hap ter 11. The program  to  g e n e ra te  w a te r  demand p a t t e r n s  i n  d w e ll in g s  
i s  p o t e n t i a l l y  v e ry  u s e f u l  i n  a  number o f  f i e l d s  b u t a t  th e  moment i s  
l im i te d  by a  la c k  o f  d a ta*  In fo rm a tio n  i s  r e q u ir e d  on th e  fre q u e n c y  o f  
use  o f  each  o u t l e t ,  and on volum es, flo w  r a t e s  and te m p e ra tu re s  f o r  each* 
Because th e  v a r i a t i o n  from  house to  house i s  so  la r g e ,  a  c o n s id e ra b le  
amount o f  d a ta  i s  n e c e s s a ry  f o r  a  s a t i s f a c t o r y  p ic tu re *  Some work on 
t h i s  i s  a t  p r e s e n t  b e in g  c a r r i e d  o u t hy BRE b u t more i s  r e q u i r e d .
H aving o b ta in e d  t h i s  d a ta  th e  w a te r  r e c y c l in g  system  co u ld  be exam ined 
in  more d e t a i l .  Im provem ents to  th e  h e a t  re c o v e ry  perfo rm ance co u ld  be 
in v e s t ig a t e d  so t h a t  sh o u ld  energy  p r i c e s  r i s e  a s  d r a m a t ic a l ly  a s  th e  
i n d i c a t io n s  show, a  v ia b le  system  com bining en erg y  sa v in g s  w ith  w a te r  
c o n s e rv a t io n  w i l l  a l re a d y  be a v a i la b le *  F o r exam ple th e  most h o p e fu l 
a s p e c t o f  t h i s  i s  th e  p o s s i b i l i t y  o f  u s in g  h e a t  pumps f o r  th e  h e a t  
re c o v e ry  p ro cess*
In  a d d i t io n  to  th e s e  p a r t i c u l a r  a s p e c ts  o f  t h i s  w ork, th e  g e n e ra l  p r in c i p l e  
o f  u s in g  s im u la tio n  te c h n iq u e s  cou ld  be a p p l ie d  to  a lm ost any d e t a i l e d
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in v e s t ig a t io n  o f  any b u i ld in g  s e r v ic e .  I t  i s  to  be hoped th a t  t h i s  
t h e s i s  h a s  shown up th e  s t r e n g th s  and w eaknesses o f  th e  te c h n iq u e .
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BUILDING RESEARCH STATION
INVESTIGATION INTO THE USE OF TOILETS IN OFFICES
The number o f  s a n i t a r y  a p p l ia n c e s ,  i e  t o i l e t s  and w ash b as in s , r e q u ir e d  in  an 
o f f i c e  i s  a t  p r e s e n t  c o n t r o l le d  by r e g u la t io n s  made u n d e r th e  O f f ic e s ,  Shops 
and R ailw ay P rem ises  A c t. These r e g u la t io n s  seem to  be b a se d  on l i t t l e  more 
th a n  p a s t  p r a c t i c e  and r u l e  o f  thumb and no one r e a l l y  knows w h eth er th e r e  
i s  o v e r o r  u n d er p r o v is io n  o f  t o i l e t  f a c i l i t i e s .  In n o v a tio n s  such  as  s ta g g e re d  
h o u rs  o r  ’f le x i - t im e *  co u ld  w e ll a f f e c t  th e  demand on o f f i c e  t o i l e t s  b u t 
f l e x i b l e  w ork ing  a rran g em en ts  l i k e  th e s e  w ere n o t known when th e  r e g u la t io n s  
were drawn u p .
The B u ild in g  R esea rc h  S ta t io n  i s  s tu d y in g  th e  u se  made o f  t o i l e t  f a c i l i t i e s  
w ith  th e  aim o f  im prov ing  th e s e  r e g u la t io n s .  We need to  c o l l e c t  in fo rm a tio n  
from  as  many d i f f e r e n t  ty p e s  and s iz e s  o f  o f f i c e  a s  p o s s ib le  and in  p a r t i c u l a r  
we a re  s e e k in g  in fo rm a tio n  abou t th e  number o f  p e o p le  who u se  t o i l e t s  a t  peak  
tim es  o f u se  such  a s  lu n c h tim e  so t h a t  we can r e l a t e  t h i s  to  th e  number o f  
s t a f f  in  th e  o f f i c e .  We w i l l  th e n  be  a b le  to  p r e d ic t  th e  number o f  t o i l e t s  
r e q u ir e d .
We c o n s id e re d  many ways in  w hich t h i s  d a ta  m ight be c o l l e c t e d ;  d o o r sw itc h e s , 
p h o to - e l e c t r i c  c e l l s  e t c .  However in  th e  end we d e c id e d  to  u se  a  c in e  cam era 
mounted on th e  w a ll o f  th e  c o r r id o r  p o in t in g  a t  th e  bottom  o f  th e  cloakroom  
d o o r. T h is  ta k e s  p h o to s  ev e iy  second d u r in g  tim e s  o f  peak  u se  and so g iv e s  us an 
unam biguous acco u n t o f  th e  number o f p eo p le  e n te r in g  and le a v in g  th e  cloakroom .
No o th e r  method g iv e s  such  c l e a r - c u t  in fo rm a tio n . The f i lm s  a re  scanned  once 
by a  member o f  th e  p r o je c t  team  a t  BRS and a re  th e n  d e s tro y e d , w ith o u t h av in g  
been  seen  by any member o f  th e  management s id e  in  th e  b u i ld in g  co n ce rn ed .
Why sh o u ld  we do t h i s ?  B ecause t o i l e t s ,  w ith  t h e i r  a s s o c ia te d  plum bing , acco u n t 
f o r  a  s i g n i f i c a n t  p ro p o r t io n  o f  th e  c o s ts  o f  an o f f i c e  b u i ld in g  and in  a d d i t io n  
ta k e  up space  which i s  v a lu a b le .  I f  we can save money on them , i t  can b e  s p e n t 
e lsew h ere  in  th e  b u i ld in g ,  on f u r n i t u r e  and f i t t i n g s  f o r  exam ple.
We hope t h a t  th e  i n t e n t i o n  b e h in d  th e  s tu d y  h as  been  made c l e a r  and t h a t  you 
w i l l  have no o b je c t io n s  to  th e  u se  o f  y o u r b u i ld in g  f o r  t h i s  p u rp o se .
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INVESTIGATION ik t o  the u se  op school cloakrooms 
AT ST ALB AITS BOYS GRAEMAR SCHOOL
Background
The number o f  s a n i t a r y  a p p lia n c e s  (WC*s u r i n a l s ,  wash b a s in s )  i n s t a l l e d  in  2 
sch o o l i s  governed  by v a r io u s  s t a t u a r y  r e g u la t io n s  and codes and th e  a r c h i t  
d e s ig n in g  a  new sc h o o l has no c h o ic e  b u t t o  comply w ith  th e s e .  These re g a l  
w ere a l l  drawn up more th a n  25 y e a r s  ago; th e y  d i f f e r  amongst th em se lv es  a: 
th e y  a re  a p p a re n t ly  b a se d  on * ru le  o f  thumb* m ethods co up led  w ith  ex p erience
S in ce  e d u c a tio n a l  te c h n iq u e s  have changed c o n s id e ra b ly  in  th e  l a s t  25 y e a rs , 
p a r t i c u l a r l y  in  p rim ary  s c h o o ls ,  le a d in g  to  d i f f e r e n t  p a t te r n s  o f  demand o r 
sch o o l c loakroom s, th e  B u ild in g  R esearch  S ta t io n  has i n i t i a t e d  some s tu d ie s  
th e  u se  o f  cloakroom s in  o rd e r  t o  im prove th e  g u id a n ce  a v a i la b le  to  a r c h i t e  
Changes in  th e  a p p r o p r ia te  p ie c e s  o f  l e g i s l a t i o n  a re  e v e n tu a l ly  e n v isag e d .
Wo th in k  t h a t  th e s e  in v e s t ig a t io n s  w i l l  show c u r r e n t  l e v e l s  o f  p ro v is io n  to  
o v e r-g e n e ro u s  i n  w hich ca se  sav ing*w ould  be p o s s ib le  in  t h i s  a r e a  o f  th e  de; 
o f  new s c h o o ls ,  f r e e in g  money f o r  u se  e lsew h ere  in  th e  b u i ld in g s .  With th e  
s t r in g e n t  r e s t r i c t i o n s  embodied i n  p re s e n t  c o s t y a r d s t i c k s ,  t h i s  would be a 
welcome d ev e lopm en t. The sa v in g s  would n o t on ly  a c c ru e  b eca u se  o f  a  red u c t; 
in  th e  c a p i t a l  c o s t o f  a p p l ia n c e s ;  th e  d e s ig n  o f  th e  whole plum bing system  * 
r. sch o o l i s  based  on ti ie  number o f  a p p l ia n c e s  i n s t a l l e d  and so  th e r e  would 1 
f u r t h e r  econom ies i n  t h i s  a r e a  a l s o .
D ata  r e q u ir e d
The in fo rm a tio n  t h a t  we r e q u i r e  i s  o f  two ty p e s :  O c c u p a t io n  tim es*  and * in  
o f  u se * .
O b se rv a tio n s  o f  th e  le n g th  o f  tim e  th a t  a  boy o ccu p ie s  a  p a r t i c u l a r  a p p l ia n  
w i l l  le a d  t o  a  h is to g ra m  such  as shown i n  F ig u re  1; t h i s  h is to g ra m  was prcd ' 
a f t e r  o b s e rv a tio n s  a t  p rim ary  s c h o o ls .  Four such  h is to g ra m s  may be- co n s t r\i' 
a t  S t A lbans; one f o r  each ty p e  o f  a p p l ia n c e  -  IrJC, u r i n a l ,  sm a ll wash b a s in  
t o i l e t s ) ,  l a r g e  wash b a s in  ( s e p a r a te  from  t o i l e t s ) .
The number o f  a p p lia n c e s  t h a t  must be p ro v id ed  i n  a  cloakroom  does n e t depei 
th e  t o t a l  u se  o v er th e  day b u t on th e  peak demand d u r in g  th e  day . Hence we 
o b s e rv a tio n s  o f  th e  number o f  boys coming to  u se  each ty p e  o f  a p p l ia n c e  a t  
peak tim es  (p resum ab ly  m orning b re a k  and lu n c h - t im e ) .  These o b s e rv a tio n s  m* 
r e l a t e d  to  th e  t o t a l  p o p u la t io n *  o f  p o t e n t i a l  u s e r s  ?i e  th e  t o t a l  number o f 
f r e e  to  u se  t h a t  p a r t i c u l a r  c loakroom .
Data, c o l l e c t i o n
Mr Morgan has su g g e s te d  th a t  t h i s  i n v e s t i g a t io n  m ight he a  u s e f u l  e x e rc is e  in  
s t a t i s t i c s  f o r  some o f  th e  s e n io r  b o y s . I f  t h i s  co u ld  be a c h ie v e d , i t  would 
a s s i s t  u s  g r e a t ly  and i t  w i l l  a l s o  e n su re  t h a t  th e  1 system * was e f f e c te d  by th e  
!o b se rv e rs*  to  th e  s m a l le s t  p o s s ib le  e x t e n t .  The p re se n c e  o f  o b se rv e rs  from 
o u ts id e  th e  sch o o l m ight cau se  c o n s id e ra b le  changes i n  cloakroom  u sa g e . The 
two ty p e s  o f  d a t a  d e s c r ib e d  above may be c o l l e c t e d  a t  d i f f e r e n t  tim e s  i f  t h i s  
would be more c o n v e n ie n t.
We have been  m easu rin g  o c c u p a tio n  tim e s  t o  th e  n e a r e s t  second  and would p r e f e r
to  c o n tin u e  w ith  t h i s  l e v e l  o f  a c c u ra c y ; th e  u se  o f  s to p  w atches i s  th u s  in d i c a t
The number o f  o b s e rv a tio n s  n e c e s s a ry  w i l l  be g o verned  by how q u ic k ly  th e  re s u lt* '
in  d i s t r i b u t i o n  ta k e s  on a  sm ooth and c o n s i s te n t  sh ap e  and w i l l  v a ry  a c c o rd in g  t
th e  ran g e  o f  v a lu e s  in c lu d e d .  P a s t e x p e r ie n c e  h as  shown t h a t  a  hundred  re a d in g s
i s  g e n e r a l ly  s a t i s f a c t o r y  b u t t h a t  f in d in g  t h i s  number o f  WC u se s  p roves d i f f i c u
The m ajo r problem  l i e s  in  d e c id in g  when a  u se  b e g in s  and ends and o u r c r i t e r i o n
/ / (has been  t h a t  an a p p lia n c e  i s  -fee- be u sed  d u r in g  th e  tim e  in  w hich no o th e r  p o te n t 
u s e r  co u ld  have a c c e s s .
T here a re  two p a t te r n s  o f  wash b a s in  in  th e  m ain cloakroom  a re a  -  one sm all ty p e  
i n  th e  t o i l e t  a re a ,  presum ably  used  j u s t  f o r  hand w ash ing , and a  l a r g e r  ty p e  in  
th e  s e p a r a te  bay . We would l i k e ,  i f  p o s s ib le ,  to  t r e a t  th e s e  s e p a r a te ly  and so 
fo u r  freq u en cy  h is to g ra m s  would e v e n tu a l ly  r e s u l t .
As m entioned  above, we a re  on ly  i n t e r e s t e d  i n  demand a t  peak tim es  o f  th e  day -
m orning b re a k  and lu n c h - t im e . In d eed , i f  p re l im in a ry  o b s e rv a tio n s  showed t h a t  
demand in  one o f  th e s e  p e r io d s  was c o n s i s t e n t ly  l e s s  th a n  i n  th e  o th e r ,  o b se rv a t 
cou ld  be c o n fin e d  to  th e  p e r io d  w ith  th e  h ig h e r  demand.
To en su re  t h a t  th e  whole p e r io d  i s  co v ered , p resum ably  o b s e rv e rs  sh o u ld  be in
p o s i t io n  a  few moments b e fo re  th e  s t a r t  o f  th e  b re a k  t o  count th e  number o f boys 
coming to  u se  each ty p e  o f  a p p lia n c e  w ith in  tim e  i n t e r v a l s  o f  s u i t a b l e  le n g th .
In  p rev io u s  s tu d ie s  we have been  a n a ly s in g  s im i l a r  o b s e rv a tio n s  i n to  f i v e  m inu te  
and one m inu te  p e r io d s  b u t one m inu te would be im p r a c t ic a l  f o r  d i r e c t  v i s u a l  
o b s e rv a t io n  and we su g g e s t t h a t  perhaps t h r e e  m in u tes  m ight be s u i t a b l e .  A reco  
s h e e t  w i l l  be needed -  we can d e v is e  t h i s  i f  d e s i r e d  o r  you may p r e f e r  to  le a v e  
as an e x e r c is e  f o r  th e  b o y s .
Mr Morgan t o l d  us t h a t  only  two cloakroom s w ere u sed  to  any g r e a t  e x te n t :  in  th e  
m ain b lo c k  and in  th e  s ix th  form b u i ld in g .  I t  would h e lp  u s  i f  b o th  cou ld  be 
o b se rv ed  -  o c c u p a tio n  tim e s  in  th e  s ix th  form  cloakroom  a re  p ro b ab ly  n o t r e q u ir e
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s in c e  we have in fo rm a tio n  on a d u l t  o c c u p a tio n  t im e s .  We would a ls o  need an 
e s t im a te  o f  th e  number o f  s ix th  fo rm ers  u s in g  th e  cloakroom  i n  th e  m ain b u i ld  
s in c e  th e y  would form  p a r t  o f  th e  p o p u la tio n  o f  p o t e n t i a l  u s e r s  o f  t h a t  cloakroom .
P r e s e n ta t io n  and a n a ly s i s  o f  d a ta
These a s p e c ts  a re  v e ry  much open to  d i s c u s s io n .  O ccupation  tim e s  may b e s t  be 
p re s e n te d  i n  th e  form  o f  h is to g ra m s , as m en tioned  p r e v io u s ly .  The d a ta  on demand 
i n t e n s i t i e s  c o u ld  be exam ined to  s e e  i f ,  f o r  exam ple, demand i s  g r e a t e s t  a t  th e  
s t a r t  o r  end o f  a  b re a k  p e r io d ;  h is to g ra m s  m ight be drawn f o r  each  th r e e  m inute 
p e r io d .  However, th e  a n a ly s i s  perfo rm ed  w i l l  depend v e ry  much on th e  tim e  
a v a i l a b l e .
F in a l ly ,  e x e r c is e s  in  p r o b a b i l i t y  o f  u se  o r  s t a t i s t i c a l  com parisons w ith  o th e r  * 
d i s t r i b u t i o n s  co u ld  be d e v is e d ; we can su p p ly  d a ta  from  o th e r  s tu d ie s  to  a s s i s t  
w ith  t h e s e .
j
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INVESTIGATION INTO THE USE OF SCHOOL CLOAKROOMS 
AT JOHN KELLY GIRLS' HIGH SCHOOL
RECORD SHEET
L o ca tio n  o f c loakroom .......................................................................  l a t e ..................
Number o f WCs........................................................ Number o f  wash be s i n s ...................
O b se rv a tio n s  made a t  B reak  tim e  From......................To............. By
TIME (2 min in t e r v a l s ) WC WASHBASIN
OBSERVATIONS TOTAL OBSERVATIONS i TOTALTO
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o
fi PP&N&IX S . 0) L 1STl*l& ©P CL.ofiK.fS.OoM SiN^rtTtoM
DOCUMENT? ? EX52A '. ~ ’ "?? _
C .......      _..  ...        ,........................... ■
C   ’ ‘
C , T H I S VERS ION I S THE BASI C SANI TARY SI  MU I AT I ON MODEL#
C SUI TABLE FOR SCHOOLS# OFFI CES AND OTHER STRAIGHTFORWARD
-  c ^ s i t u a t i o n s , ;??- ?? ?-??■ _: .? ? ? ? ? ^ - E r ?
C OTHER VERSI ONS AVAI LABLE ARE :
/  EX53 FOR MONITORING FLOW . RATES IN THE CLOAKROOM,
 EX5A FOR UNI SEX F AC I L I T I E S #
m k E X  5 5 FOR MULT I - LOCATI ON C LOAKROOMS^.. I N . PRIMARY SCHOOLS
S : y p r o g r a m ( EX5 2 )  ’
COMPRESS INTEGER AND LOGICAL
f : i n p u t  5 = c r o  '■ -
INPUT 3 = E D 3 / D I R E C T ( E X MGS I MU D A T A ) / 8 0  
OUTPUT 1 = L P 0 
OUTPUT 2 = / NONE ___
MIXED SEGMENTS j • lL  ^ 1 / " ' '  ?': "L??:."-"’.......  ^ v ^ V  v  : ~  ^ '
 -Tr a c e ' o  ________       _■ __
; END -V: ;i - r'"v:S: ■ ' 7F■ . :' [ 71;-■ . ' ;
MASTER SI MULATI ON
DEFI NE MODEL COMPONENTS AND MON I TOR ING VAR I ABLES
CLASS TIME USER.  2 5 0  ( 2 )  SET MOTHERE#WAI TI NG#QUEUI NG# US ING
. c l a s s  t i m e  a p p l i a n c e . 4 0 ( ? )  s e t  v a c a n t # e n g a g e d
ARRAY I D L E T I ME C 4 0 ) # Q U E U E ( 3 ) # S T A R T F U L L ( 3 ) , NOROOM( 3 ) , D ( 3 ) , P R 0 B ( 3 ) # T I  
; ; 7  1 TI E ( 3 0 )  # Q T IM E < 4 )  # T 0 T ( 4 )  # RUTOTQ( 4)  #RUMEAO( 4)
FLOAT B# D#RI DLE#RRUN#RFULL#MAXPROB# PROB#RO, MEANQ, RRATE#RUMEAO 
; V h i s t  HWC ( 1 7  # 0 # 2 0 ) #  HUR( 1 7  #0 # 2 0 ) #  HB A (1 7 , 0  # 2 0 ) #  H L B ( 1 7  # 0 # 2 0 ) #HOWC ( 1 0  #0 
 1 #1 ) # HOUR( 1 0  # 0 , 1 ) #  HQBA( 1 0  # 0 # 1 )
I NPUT BASI C DATA# CHECK IT AND PRI NT IT
READ( 5 # 1 0 1 ) ( T I T L E ( I ) # 1 = 1 # 3 0 )
1 0 1  FORMAT< 3 0 A1 )
R L A l> ( 5 # V ) S E X # A R K AT E # NO A P P # NOWC # NOIJR # NOB A # M AX PROR # RIJNT I ME # TW A KMU P # N 
1 0 RUNS , MAX RUNS # STREAMA# SUONE# SWTWO # SWREE # SWOUR# SWIVE # SWI X # SWEVEN# SW 
2ATE
9 r ( ) R | 1 AT< 6 I O, F 0 .  0 , 1 3 1 0 )
V = MAXRUNS/ NORUNS
RRATF.s ARRATE
MEANARR = £ N I N T ( 3 0 0 / R R A T E )
o 
rt 
o
" c H ’ > I F ( NOA P P - N OWC ~ N OU R - N OB A ) 1 0 , 11 , 1 0  
_ 1 0  WR I T E d , 1 2 ) N O A P P , N O WC , N O U R , N O B A  
M z H l  2 FORMAT( 1 1 H1PARAMETERS , 4 1 3 / 1  HO , 2 3 HAPPLI ANCE NUMBERS WRONG) Z
   EXIT ' _ _ ____
H z z d l  w r i t e <1 , 1 3 )  ( t i t l e ( i ) , i =1 # 3 0 )  -
_ 1 3  F O R M A T C  SIMULATION;  OF ■ TOI LET F A C I L I T I E S ' / 3 0 A 1 )
i i l H i r i :  s' e x  l e  2 ; a ; 1 4  M e : :z: .
 ___ _  I F ( S EX) 1 4  » 1 5 # 1 6  _ __        '
H C H 1 4 ' ;  WRI I E (1 J S S M r ' ■ : V.
 1 7  FORM a T (1 H 0 , 1 4 HSEX DATA.  ERR 0 FO,  _______________
1 5 WRITE (1 , 1 5 5 ) \  ......... 7^ ......... ~ ........... “
GOTO 2 0  ‘ :
i m i z i 6 l i J-<s e x - 1  n  5 7 1 6 5 7 1  '■ e M / ;
1 6 5  WR I T E d  , 1 8 )  J  ' ___ _______  ______
P P H ^ - 1 8 z f o r m a t  ( 1 m'alY ’V v ^ :  •-•••• “- . M e -  . ^ z C C  ~ z- M  M r  7 T ~ '7  H H • ;• • 7 / . T.;;-.
GO TO 2 0
/ C  Zll 6 6 W R I T E (1 , 1  9 ) - - -
  1 9  FORMATC FEMALE' )  ' ■ _
L V . 20  WR ITE (1 / 21 ) RUNTIME, NOWC,  NOlJR # NOB A. ' 7  M M
 21 FORMATC LENGTH OF RUN’ , 1 9 , ’ S E C S ’ / ’ NO.  OF WCS’ , 1 7 /
... ... .1 ' NO.  OF U R I N A L S ' , 17. / . ’ { NO.  OF BAS I N S ' #  1 7 )  _
   . _ SWONE EQ 1 a 2 1 3 6  _ ' _ _
. WR I T E d  # 2 1 3 )
__ 213_  FORMATC VARYING ARRIVAL RATE,  STANDARD PATTERN’ )
I ; : .  /  RUNTIME NE 1 2 0 0  a 2 1 4
WR I T E d  , 2 1 3 5 )
2 1 3 5  FORMATC SO R UN T I M E S H 0 U L D BE 1 2 0 0  S E C S . COR R E C T A N D C 0 N T I N U E • ) 
RUNTIME = 1 2 0 0
2 1 3 6  SWON E EQ 2 a 2 1 4  ‘ r' ~ C H H “ T ‘
WR I T E d  , 2 1 3 7 )
H Z  2137"; FORMATC VARYING ARRIVAL RATE,  S P EC I F I ED PATTERN* y  
2 1 4  WR I T E d , 2 1 5 ) T WA R MU P , MA X P R 0 B , V , N OR U N S  
M M l 5  FORMATC START RECORDING AFTER’ , 1 8 , ’ SECS WARM- UP’ /  ’ MAXPROB (OF N 
1 0  ROOM) ’ , F 8 . 2 , ’ %’ / ’ NO.  OF RUNS ’ , I 4 , ’ T I ME S ’ , I 4 )
, . SWIX EQ 0 a 2 1 7
_ _  _  WR I T E d  , 2 1 6 )
. 2 1 6  FORMA T ( ’ UR I NA L 'OVER F L 0 Vi TO WC NOT OPERATI NG’ )
GOTO 2 1 9  
. 2 1 7  WR I T E d  , 2 1 8 )  M M : .....
2 1 8  FORMATC URINAL OVERFLOW TO WC IN OPERATI ON’ )
2 1 9  dummy  \  . M
z U l D E F l N E  M a TAI DI S TRI BUTI ONS  AND READ IN VALUES
M ’~ M  A R R AY IJ S EFI RS  T ( 2  , 4 )  , IJ S E S E C 0 N D ( 2 , 3 ) , OCCTI MEWC( 2 , 1 6 )  , OC CTI MEUR ( 2 , 1 6 )  
1 , O C C T I M E B A ( 2 , 1 6 ) , O U T P L O T ( 6 , 2 5 0 ) , ARRPATT( 3 1 ) , GRPS I Z E ( 2 , 5 )
Z M  R E A D ( 5 , 2 2 ) U S E F I R S T , U S E S E C 0 N D , T Y P E  I f ‘ .
2 2  FORMAT( 8 1 3 / 6 1 3 / 1 0 )
TYPE LT 6 3 2 1 9 1  / ..........r - T ^  z r  z
CALL £ GETOCCS( TYPE, SEX, OCCTI MEWC, OCCTI MEUR, OCCTI MEBA)
GOTO 2 1 9 5  Z
2 1 9 1  READ( 5 » 2 1  9 2 ) 0  CCTIMEWC, OCCTIMEUR, j OCC TIME BA 
; 2 1 9 2  F 0 R M A T ( 2 6 I 3 , 2 (  / 6 1 3 / 2 6 1 3 )  , / 6 I 3 )  ? Z \
2 1 9 5  R E A D ( 5 , 2 1 9 6 ) G R P S I Z E , ME A N G  
- 2 1 9 6  FORMAT ( 1 0 1 3 ,  2X , 11 ) M T. M
COMMON ARRPATT, PERI OD V , ■
, 7  I F ( S W0 NE - 1  ) 2 2 0 3 ,  2 2 0 1  , 2 2 0 2  M M M 7 z 7 e j M z e M  7 .......,
  2 2 0 1  JC ALL ESTANPAT ( A R R A T E , M E A N G )  _ _ ____ __ _
W R I T E d  , 2 2 1 1  ) A R R A T E 
2 2 1 1  FORMATC MAX ARRIVAL RATE = ' , 1 6 # '  IN 5 MI N S ' )
g o t o  220 ' -’7-' 7 7 7 7 7 '  ' 7 7  7  :;':7 7 7 7 f f 7 7 7 7  77'
2 2 0 2  CALL £ S P E C P A T ( R R A T E # R U N T I ME ) '
WR I T E d  # 2 2 2 1 ) A R R A T E # P E R l OD  1 M  ?
2 2 2 1  FORMATC MAX ARRIVAL RATE = ' # 1 6 # '  I N ' # I 6 # '  S E C S ' )
Go t o  2 2 0  . .
2 2 0 3  W R I T E d , 2 2 3 1 ) MEANARR# ARRATE
. 2 2 3 1  f o r m a t ( v me a n  t i m e  b e t w e e n  a r r i v a l s 'Vi8 # '  s e c s # e q u a l s ' , 1 6 , »  i n
1 7  MI NS'  )
2 2 0 WR I T E d , 2 2 1 ) ( ( USEF IRSTC I , J ) / J = 1 # 4 )  # I = 1 # 2 )  " c -
221 FORMATC ' US EFI RST D I S T ' # 2 ( /  4 1 5 ) )
w r i t e  ( i # 2 2 2 ) ( ( USES ECOND ( I  # J )  , J = 1 # 3 ) 7 I = 1 , 2 )
.2 2 2 1 FORMATC ' USESECOND DI ST ' , 2 ( / 3 l 5 ) )
WR I T E d , 2 2 3 ) ( (OCCT I MEWC ( I  # J )  #J = 1 # 1 6 ) #1=1  #2)7^
2 2 3 FORMATC ' OCCTIMEWC DI ST ' , 2 ( / 1 6 15 ) )
WR I T E d # 2 2 4 ) ( (OCCT I MEUR ( I  # J ) # J = 1 # 1 6 ) # I = 1 # 2 ) 7
2 2 4 FORMAT( ' o c c t i m e u r DI ST ' , 2 ( / I  6 15 ) )
WR I T E d , 2 2 6 )  ( (OCCT. I MEB A ( I  / J )  # J = 1 # 1 6 ) # 1 = 1 # 2 )
2 2 6 FORMATC • OCCTIMEBA DI ST ' , 2 ( / 1  6 15 ) )
SWONE NE 0 6) 2 2 8 : V 771-~77 7 . 7 7 : 7 7 7  _v;’-
WR I T E d , 2 2 7 ) ARRPATT# PER I OD
2 2 7 FORMAT( ' ARRPATT D1ST ' , 3 ( / 1 0 1 5 w 15 /  ' I N PER:!
2 2 8 WR I T E d , 2 2 9 ) ( ( GRPS I Z E ( I # J ) ,  J = 1 # 5 ) # I = 1 # 2 )
2 2 9 FORMATC ' GRPSI ZE D1ST ' , 2 ( /  5 1 5 ) ) v 7 7  777.
I n I TI  A LI S E VARI ABLES
-  • • -• .. •v.r-r . .......
DI ST USE F I RS T , US E S E C0 ND# 0 C C TIM E W C # 0  C C TIM E U R , 0 C C TIMEB A , GRPSI ZE  
RERUN = 0
RUNNO = 0 7 ' 77777 - -  -  - '
FOR I = 1 , 3
PROB ( I ) = 0 '   '  '
FOR 1 = 1 , 4
R U T OT ( HI ) = 0  7 -  7 7 ; r::;';
R U ME A Q ( I ) = 0 . 0  
RtJNTOT = 0 . : - . . .
HAPHAZ = STREAMA 
91 RUNNO + 1
START POINT FOR EACH RUN
WR I T E d  , 9 1 1  ) RUNNO 
9 1 1  F ORMA T C / / / '  RUN N O . ' , 1 3 )
CONTINUE I NI T I A LI SAT I ON
STREAMB = RANDOM( STREAMA/ 9 9 0 9 )  
STRhAMC = RANDOM( STREAMB/ 9 9 9 9 )  
STREAMD = RANDOM( STREAMC, 9 9 9 9 )  
STREAME = RAN DOM( STREAMD/ 9 9 9 9 )  
STREAMF = RANDOM( STREAME/ 9 9 9 9 )  
STREAMS : = RANDOM( STREAMF, 9 9 9 9 )  
STREA M H = RANDOM( STREAMG, 9 9 9 9 )  
T . CHANGE = 0 
RATE = 0
N 0 A R R = 0 ; ’ 7-
FOR I = 1 , 4 0
ID LETT ME( I ) = - 1  
T . A P P L I A N C E . I = - 1
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Q U E U E ( I ) = 0  
_ S T A R T F U L L ( I ) = - 1
N 0 R 0  0 M ( I ) = 0
; 7 f o r  i >  1 , 4
Q T I M E ( I ) s O  
r  TOT ( I ) = 0
FOR 1 = 1 , 2 5 0
T . U S E r . I = - 1  
NOAPP LE 4 0  0 1 0
_ . FOR . I = 1 , N0 WC
APPLI ANCE.  I (1 ) =1  
APPLI ANCE.  I INTO.  VACANT 
NOUR NE 0 a 2 2 5  
. . For i = ( nowc + 1 ) Y < n o wc + n o u r )
 _  __ _ APPLI ANCE.  I (1 ) = 2
AP P L I ANCE. I  I NT0 VACANT 
2 2 5  FOR 1 = ( NOAP P - NOB A+ 1 ) , NOAPP 
" " Y Y Y ? " '  APPLI  ANCE . 1 ( 1 )  =3. - . ’
AP P L I ANCE. I  INTO VACANT 
. ; : FOR I = < NOAP P + 1 ) # 4 0  , ' 1
A P P L I A N C E . I ( 1 ) = 0  
“ f o r  I ; = i  , 6
FOR J = 1 , 2 5 0
O U T P L O T ( I r J )  =0  
3 0  LOA D NOTHERE
HAVING I NPUT DATA,  PRI NTED IT AND P RES ET■ VAR I ABLESr  START ACTUAL
S i m u l a t i o n
ACT I VI T I E S  ' ~ ~ -
BEGIN CHANGE RATE
ONLY FOR VARYING ARR I VA L R  ATE . 1 J Z Z L Z Z  7
SWONE NE 0    ^
T.  CHANGE EQ 0 .
RATE + 1 _ _ _ _ _ _ _  _____
MEANARR = ARRPATT ( RATE)  ' 7 S l i M Y
T. CHANGE + PERIOD_________________________ ____
FOR N = WAITING 
T . U S E R . N  = - 1  
HEAD NOTHERE GAI NS WAITING 
ZERO WAITING 
GO TO 3 1 7  
C
BEGIN USER ARRI VES
3 FIND I WAITING FI RST a 3 1 7 _______________
: - T , US ER. I EQ 0 '
USER.  I FROM WAITING _ _ _ _ _
T r US E R . I I NTO 0 IJEU I NG _
NOARR+1 .
: : OUTP LOT (1 , I )  = CLOCK Y Y T ’v''- '
O U T P L O T ( 2 , I )  = MEANARR
USER.  I (1 ) =SAMPLE (1 , USE F I RST , STREAMS) ;  7 . ' f :
USER.  I (1 ) EQ 3 3 31 _ _  _____
_ USER.  I ( 2 )  =0  " .1' "/ 1
GO TO 3 1 5  ; _  •
1 3 1  u s e r , i ( 2 )  = s a m p l e ( 1 # u s e s e c o n d , s t r e a m c ' )1s 5 H- ,  ; r 
 31 5_ J = US E R . I (1 )_  . ____________
OUTP LOT( 3  # I ) = J 
__ OUTP LOT ( 4 » I ) = U S E R . 1 ( 2 )
/ I  CLOCK GE TWARMUP 3 4 9
A D D ( J # J , 3 # 3 # Q U E U E ( 1 ) # Q U E U E ( 2 ) # Q U E U E ( 3 ) # HQWC# HQUR# HOBA) 
r 4 9  QUEUE< J ) +1  -
GO TO 3
3 1 7  G >  SAMPLE <1 # GRPS I ZE # STREAMG) "  " I  "
RATE NE 2 a 3 1 7 5  
7  i  ; g v g t  2 3 1 j  a 13 1 ■?
3 1 7 5  TG = NEGEXPCSTRLAMA#MEANARR)
; 31 8 F I N D I NOTHE R
T . U S E R .  I = TG ,
™ " ' u S E R . I T R O M  NOTHE
USER.  I INTO WAITING 
E l i t e s  ETS I Z E M . W A IT
 M EQ G a 3 1 8  _____ . .  ^
M l  B E GI N TV.A CAT E A P P L I AN C EI T  
FOR I=ENGAGED
T . A P P L I A N C E . I  EQ 0 a 1 . ' ”  1"
APPLI ANCE.  I FROM ENGAGED
\ ;  a p p l i a n c e , i i n t o  v a c a n t
C = A P P L I A N C E . 1 ( 1 )
START FU L L ( C ) NE - 1  3 55
NOROOM( C) = NOROOM( C) + CLOCK- S TARTFULL( C)
- - . . START F UL L ( C) = - 1
5 5  J = A P P L I A N C E . 1 ( 2 )
U S E R . J ( 2 )  EQ 0 3 2 „ " l  ' 7 -
US ER. J  FROM USING 
USER.  J INTO NOTHERE 
GO TO 1 
2 ' US ER. J  FROM US ING
US ER. J  INTO QUEUING 
1  T . U S E R , J  =0
CLOCK GE TWARMUP a 7 3  
ADD Q U E U E ( 3 ) # HQB A 
7 3  QUEUE( 3 ) + 1
1777.1'■ DUMMY 7:" ; ~ J7  H "
1
C
BEGIN OCCUPY APPLI ANCE  
FOR I - QUEUI NG
FOR J =VACANT
J LE NOAPP 3 7  
U S E R. I  NOTIN USI NG 3 8 
_ U S E R . I ( 1 )  NE 0 a 4 
U S E R . 1 ( 1 )  EQ APPLI ANCE.  J (1 )~~ a 7  
CLOCK GE TWARMUP a 41
A DD( 1 #  US ER. I ( 1 ) # 1  # 3 # - T . US ER. I # HWC # HUR » HBA)
OU T P L OT ( 5 # I )  = - T . U S E R. I ______ __
S = U S E R . I ( 1 )
Q T I M E ( S ) - T . U S E R . I
TOT( S ) +1 - - - - -  - -
4 1 ..................... Q U E U E ( U S E R . I ( 1 ) ) - 1  _
U S E R . I ( 1 ) = 0
6 U S E R . I  FROM QUEUING '
7  USER.  I INTO USI NG ..
AP P LI ANCE. J  FROM VACANT 
77 7  APPLI  ANCE . J INTO ENGAGED
 ...........  A P P L I A N C E . J ( 2 )  = 1 _________
267 - -
••V-V; : I D L E T I ME ( J ) ~ T . A P P L I A N C E .  J : ; : v
A = AP P LI ANCE. J  ( 1 )
T . A P P L I A N C E . J - S A M P L E < A , OCCTIME WC , STR EAMD, 0  C CT IM E UR, S T R E A ME 
1 , OCCTI MEBA, STREAMF) .
W R I T E < 2 , 9 0 0 0 > I , J , C L O C K , T . A P P L I A N C E . J  ^
9 0 0 0  FORMATC U S E R ' , 1 4 , '  I NTO ' , 1 3 , AT * , I 5 , 1
4 1 2 .  FOR M = VACANT
APPLI ANCE. M( 1  ) NE A 3 7  _
START FULL ( A)  = C LOCK 
   GO TO 7
7 . 4;  ' USER.  I ( 2 )  EQ APPLI ANCE.  J ( 1 ) '  3 7  '' '
CLOCK GE TWARMUP 3 4 2  
i J : ; ;  ;777 ; ." £  ADD - T . USER .'I , H LB
OUTP LOT( 6 ,  I ) = - T . US ER. I 
T.I M E < 4 ) -  T . U S E R> I ;£ " V:
TOT( 4 ) + 1
4 2  ; QUEUE ( 3 ) - 1
USER.  I ( 2  ) = 0
....; . 7" go to 6 ;
7 DUMMY
C
c u r i n a l  o v e r f l o w  t o  wc
SWIX EQ 1 3 8 _ _  _   .
US E R, I  NOTIN USI NG 3 8 "
u S E R . I ( 1 )  EQ 2 3 8
FOR N =1, NOWC
APPLI ANCE. N IN VACANT 3 7 2  
CLOCK GE TWARMUP 3 71 - _ 7
ADD - T . US ER. I , HWC '
V ‘ OUTPLOT( 5 / I )  = ~ T . U S E R . 1 + 1 0 0 0
QTIMEC1 ) ~ T . U S E R .  I _
. 7  ' ;  t o t  ( 1 )  +1 : 7 '  :v7 : S ^ 7 7 ' 7 ''7^cV:;:::'/::-'^" •
71 Q U E U E ( 2 ) - 1
USER.  I FROM QUEUING 
USER.  I INTO USI NG 
APPLI ANCE. N FROM VACANT 
APPLI ANCE. N INTO ENGAGED 
A P P L I A N C E . N ( 2 ) = I
 IDLET I ME( N ) - T . A P P L I A N C E . N
■ I- . „T-. APPLI ANCE.  N- SAMPLE < 1 # 0 C C TI ME UR , STR E AME.)
  ' T . AP P LI ANCE.  N + 5 ____
71 5 ' . . . . USER . 1  (1 ) = O'. 7..J-.7
FOR M = VACANT ____ _____
APPLI ANCE.  M (1 ) NE 177;3787(..7^7£7?:c; ;7": • 
S T A R T F U L L d )  = CLOCK _____
g o t o  8 . • • ”7 ;7 2 : '£ £ :£ 7 ;7 : S 7 I 7 ' 7 ' : 7 V
7 2  DUMMY
8 - DUMMY . . ,  ■ :7 :7 £ 7 C ^ ^ ^ ' £ £ :"':^ :;:"''r:^ r
C_______________________________________________________________ ____c  - _ .  .  ^
C END OF SI MULATI ON,  START OUTPUT
C
BEGIN CALC AND OUT T 7 _
CLOCK GE RUNTIME " - - - - - -
C
C IF NOT r GO TO END AND ADVANCE TO NEXT EVENT TIME 
C _____
^ £ £ : : 7 R U N ‘r0T + 1 7 7 7  7 :7 7
W R I T E d , 591  ) CLOCK, NOARR_______________ ________ _____
2 0 g ' 77
- 591  FORMAT ( ' RUN STOPPED AT T I ME * , 1 8 /  V N0 . 0 F ARR I VA LS ' , .I 5 > .
RRUN = CLOCK 
v SWTWO EQ 1 a 5 9 3  
FOR K = 1 , 8 1 , 2 0
: OUTPLOT( 3 ,  K) NE 0 0 5 9 3  7  .
WR I T E d  , 5 9 2 )  ( ( OUTPLOT ( I ,  J )  , J = K , K+1 9 ) r I = 1 , 6 )
; 5 9 2  FORMAT( / '  ARR TI ME' , 4X , 2 0 1 5 / '  MEANARR' , 5 X , 2 0  I 5 / '  USE F I R S T 1 , AX , 2 0 1 5 
1 / '  U S E S E C O N D * , 3 X , 2 0 I 5 / 1 WAITTI  ME( 1 )  ' , 2 0 1 5 / '  WAITT I ME( 2 )  ' , 2 0 1 5 )  
5 9 3  SWREE NE 0 a 5 9 4  
WR I T E d  , 6 0 )
6 0  FOKMAT( / *  QUEUING TIME HI STOGRAMS' / '  FOR WC *)
SWREE EQ 2 a 6 0 0 1  ■
OUTPUT HWC
6 0 0 1  ROs QTI ME( 1 )
; M r a n q = r q / ( t o t d ) + . 0 0 0 0 1 )
WR I T E d  , 6 0 1  ) TOT( 1  ) , MEANQ 
f  6 0 l f F O R MA T C /  TOTAL rUSERS V  TIME = ' , F 7 . 1 S E C S  ' )
_  ZO= YI ELD( HWC, 0 )
" ; TOTC1 ) - ZO
MEANQ = R Q / ( T O T (1 ) + . 0 0 0 0 1  )
. !. . WRTTEd  , 6 0 1 1  ) TOT ( 1 ) , MEANQ ' 7
6 0 1 1  FORMATC USERS WHO WA I T = 1 , I 5 , 5 X , ' MEAN TI  ME = * , F7 . 2 , ' S E C S ' )
7 7 7  RUTQTQ (1 ) + TOT (1 ) I ' • • 7 7 7 7 ' '  7 7 7 7 L 7 7 7 7 7 7 7 7 7 7 7 ^  7   ^ '
RUMEAQd )+MEANQ
NOUR NE 0 a 6 1 1  " •
W R I T E d , 6 1 )  ■
61 FORMAT ( /  V  FOR UR I N A L * ) 1 1  V /   ^ : • ' ;
SWREE EQ 2 a 6 1 0 1
' OUTPUT HUr ; “
6 1 0 1  RO = QTIME ( 2 )  _ _ _  __
7  MEANQ = RQ/  (TOT ( 2 )  + . 0 0 0 0 1  ) ' 77= 7
WR I T E d  , 6 0 1  ) TOT ( 2 )  , MEANQ 
:: ZO = Y I E L D ( H U R , 0 )  '
T O T ( 2 ) - Z O
MEANQ= RQ/ ( TOT( 2 ) + . 0 0 0 0 1 )
WR I T E d  , 6 0 1 1  ) TOT ( 2 )  , MEANQ
RUTOTQ ( 2 )  + TOT ( 2 )  “ 7"" /  ' 7.  " '
R IJ M E A Q ( 2 )  + M E A N Q
6 1 1  w r i t e (1 , 6 2 )  7 7 :  7 7  '
6 2  FORMAT ( /  ' FOR B A S I N ' )
SWREE EQ 2 a 6 2 0 1
OUTPUT HB A _ _ _  ___
6201 r o = q t i m e ( 3 )  7  7 \ 7 7 7 7 7 7 7 7 7 7 7 '  7777
MEANQ = R Q / ( T O T ( 3 )  + . 0 0 0 0 1  ) ■   7 _
WR I T E d  , 6 0 1  ) TOT ( 3 )  , MEANQ ’ r I 7 1 ~
Z O= Y I E L D ( HB A , 0 )  _ _ _  7
7  7 7 L  t o t  < 3 ) - z o  ■ 7 7 7 . 7 7 7 7 ;  ■ ; ;7 7 7 7 7 ’
_ ME A N Q = R Q / ( T O T ( 3 ) + . 0 0 0 0 1 )
. .. w r i t e ( 1 , 6 0 1 1 ) t o t ( 3 ) , m e a n o  . v 7 7 7 7 7 7 7 7 7 7 7 7 - 7  7 ‘' 7
 R U T OT Q( 3 ) + T OT ( 3 )
RUMCAQ ( 3 ) +MEANQ . 7 7  _ 7 7 .  7 7 7 7 7 '
W R I T E d , 6 3 )
6 3  FORMAT( / ’ FOR BASI N AFTER WC OR UR I N A L 7 ) 7  ?
SWREE EQ 2 a 6 3 0 1
o u t p u t  h l b . 7 7 7 .  7 7  7
6 3 0 1  R Q = Q T I M E ( 4 ) _ _________________
m e a n q = r q  /  ( t o t ( 4 )  + . 0 0 0 0 1 ) 777TS7777te^^S^Mli^7^77777777r '■
WR I T E d  , 6 0 1  ) T 0 T ( 4 )  , MEANQ >
ZO^Y I E LD ( H LB , 0 )  , 7  7 "  7 " 7  7 7  "
TOT ( 4 )  “ Z0   __  7 _
269
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MEANQ=RQ/ (TOT ( 4 ) +  . 00001  )
WRITEC1, 6 0 1 1 ) T 0 T C 4 ) , MEANQ 
RIJTOTQ C 4)  + T0T C 4)
RtJMEAQC4)+MEANQ 
7 59 4 SWOUR EQ 1 a 595
W R I T E d , 64 )
64 FORMATC/ ' QUEUE LENGTH HI STOGRAMS' / '  FOR W,C ' )
OUTPUT HQWC
7  7 " nour  ne o
_  W R I T E d , 6 1 )  _  ■ . ________________  -
; o u t p u t ;’ h q u r lK : ”S 5 : ’
65 WR I T E d  , 6 2 )  - —
: - OUTPUT H Q B 7 7 7 7
595 SWIVE EQ 1 a 7 02
. '  ' 77 WR I TEC1 , 6 7 )  ^ > ; 7 • / ■ " • - v' v^ 7 ."T-7^ ‘'v • t-l-  7"C' ':r7 7:\
. FOR I = VACANT __
I DLETI MECI ) ~ f . AP P LI ANCE.  I 7 /  '7 /7 7 1  7 7 7 - "  7 ‘ '
FOR J = 1 , NOWC
r 7 / 7  RIDLE = IDLETIMECJ)  ' "  "  r
B = RJDLE/RRUN* 1 0 0 . 0 __________ ________
7:.7  7 7 7 WRITE (1 , 6 8 )  J , B ' /"■
NOUR NE 0 0 66
' FOR J = C N 0 W C +1 ) , (NOWC + NOUR)
RIDLE = IDLETIMECJ)
B = RI DLE/ RRUN*10 0 . 0  
WR I T E d  , 6 9 )  J ,B
66 FOR J =( NOAPP- NOBA+1) , NOAPP
RIDLE = I DLETI ME( J )  ‘
b = r i d l e / r r u n * i o o . o 7 . - “ 7 7  7 " ............
WR I T E d  , 7 0 )  J ,B ___
7777 7.^  67 :: FORMATC PERCENTAGE VACANT TIM E $77)77-:! 7 7 7 7 7 7 .^  777/' -" 7
68 FORMATC WC ' , I 8 , F8 .1 , ' % ' )
69 FORMATC URINAL'  , 1 4 ,  F8 . 1  , • %' )
70 FORMATC B A S I N ' , 1 5 , F 8 . 1 , ' % ' )  _
702  FOR I = 1 , 3
STARTFULL( I )  NE -1 Si 8001
NOROOM(I) = NOROOM ( I ) .+ CLOCK -  S T ART F UL KI )
 8001 RFULL = NOROOM( I )
D ( I ) = R F U L L /  R R U N * 1 0 0 7 " _7 7 I l i 7 1 l / i / 7 / 7
PROBCI ) +DCI ) _
SWATE EQ 1 3 8 4 0 2  , . • -7 77
W R I T E d , 8 0 )  _
■77/- 80 FORMATC/ '  PROBABILITY OF FINDING ALL APPLIANCES FULL' )
801 w r i t e ci  , 8 2 ) dci  ) _i_
: noijr ne o a 8 0 3  * ' --_77 77.,
802  WRITE C 1 , 8 3 ) DC 2 )
803  WRITEC1 , 8 4 )  DC3) 7--77
82 FORMATC FOR WC ' , F1 3 . 2 , ' % ' ) . ____ _______
83 FORMAT C ' FOR URINAL ' , F 9 . ? , ' % '  ) 7 ' 7 ^ 7 7 7 7 7 :7 7 / - 7 ' ' '''':7;
84 FORMATC FOR B AS I N ' , F1 0 . 2 , ' % ' )
8 4 0 2  RUNNO EQ NOR UN S a 855  7 7 7 7 7 7 / 7 7
C
I F END OF GROUP OF RUNS,  PR I NT MORE- OUTPUT' ,
OTHERWISE JUMP TO RESETTING SECTION
8 4 0 3  WR ITE C1 , 8 4 1  ) RUNNO __
7 , 8 4 1  FORMATC/ / '  MEAN P ROBABI LI TI ES  FOR ' > 1 4  C /  RUNS ? ) 
PROBC1) = P R 0 B C1 ) / RUNNO
. W r  I T E  C1 , 8 2 > P R O B C 1 ) - 7 7 7 -r ';7: 7 7 - : ’ 7 '': '7-7' " - ^ v - - r ; : : - ; T /7 7 , 7~ ' ' ' : : r ' 77-' 
_ _ N O U R  N E__ 0 75) _84 2 _________ ________
PROB( 2 ) =PROB( 2 ) / RUNNO 
W R I T E d  , 8 3 )  PROB ( 2 )
8 4 2  PR0 B ( 3 )  = PR0 B ( 3 )  /  RUNN6  '
W R I T E d  , 8 4 ) P R 0 B < 3 )
SWREE NE 0 3 8 4 2 9  .
W R I T E d  , 8 4 2 1  )RUNNO
1 8 4 2 1  FORMAT( I ' MEAN WAITING RESULTS FOR' , I 4 , '  RUNS' 
1 / 1 7 X , ' N0 .  W A I T I N G ' , 5 X , ' M E A N  TI ME' J  
B = RUTOTQ( 1 )
B = B/ RUNNO Z Z Z
RUMEAO (1 ) =RUMEAQ ( 1 ) /RUNNO “
t W R I T E d  , 8 4 2 2 ) B , R U M E A Q ( 1  )  ■ _
V ' ' NOIJR NE 0 a 8 4 2 6  "' ~ 7 ~
B = RUTOTQ( 2)      _  ■
" B = B /  RUNNO ........... : ' "
RUMEAQ( 2 ) =RUMEAQ( 2 ) / RUNNO _  <■ _
W R I T E d  , 8 4 2 3 )  B , RUM EAQ( 2 )
8 4 2 6  B = R U T 0 T 0 ( 3 )
B = B /  RUNNO : : 7 " " ^
RUMEAQ( 3 ) =RUMEAQ( 3 ) / RUNNO ____
W R I T E d , 8 4 2 4 ) B/ RUMEAO( 3 )
B = R U T 0 T Q( 4 )
b = b / r u n n o  '
RUMEAO ( 4 )  = RIJMEAQ ( 4 ) /RUNNO 
W R I T E d , 8 4 2 5 ) B, RUMEAO( 4 )
8 4 2 2  FORMATC FOR WC' , 1 3 X , F 6 . 2 , 6 X , F 6 . 2 )
8 4 2 3  FORMATC FOR U R I N A L * , 9 X , F 6 . 2 , 6 X , F 6 . 2 )
8 4 2 4  FORMATC FOR BASI N O N L Y * , 5 X , F 6 . 2 , 6 X , F 6 . 2 )
8 4 2 5  FORH AT( '  FOR BASI N A FT E R * , 4 X , F6 * 2 , 6 X , F6 .  2 )
8 4 2 9  R UN TOT LT MAXRUNS a 8 6
C _ C H AN GE APPLIANCE NUMBE RS FOR NE W G R 0 U P O F R U N S
RUNNO = 6 _  •
I  P R O B d  ) L T : MAX PROB a 8 4 3  
RERUN = 1
1  Nowc  - 1  1 /  ' 1 1  1  1.':
8 4 3  NOUR NE 0 a 8 4 4
PROB( 2 )  LT MAXPROB a 8 4 4  . '
RERUN = 1
NOUR .;^
8 4 4 . . P R 0 B ( 3 )  LT MAXPROB a 8 4 4 0
. RERUN = 1.  / I ;
NOBA - 1
8 4 4 0  P R O B d  ) GT MAXPROB 3 8 4 4 1  
RERUN = 1  
NOWC +1
8 4 4 1  NOUR NE 0 a 8 4 4 2  
PROB( ? )  GT MAXPROB a 8 4 4 2  
RERUN = 1
n o u r  + 1 y
8 4 4 2  PR011 ( 3 )  GT MAXPROB a 8 4 4 5
 RERUN >  1
NOBA + 1 
8 4 4 5  RERUN EO i  a 8 6
C
C RESET I NI T I A L VARIABLES  
C
STR EAMA = HAPHAZ 
FOR I = 1 # 3 __________
y i i y i p i  y  2 71
i  PROB ( 1 ) 1 =  0 .
FOR 1 = 1 , 4
1 3 1 1  RUTOTO ( I ) = 0
RUMEAO( I ) =0  . 0
i l l  ” RERUN = 0 1 1  1 1 1
845  NOAPP = NOWC + NOUR + NOBA ,
WR I T E d  , 8 5 )  NOWC, NOUR, NOB A
85 f o r m a t ( / / •  r e run  w i t h ' / '  n o . of w c s ' , 1 7 / '  n o . of  u r i n a l s *# 1 7 / 1 no 
1 . O F  BASINS> , 1 7 )
855  ZERO QUEUING,USING,ENGAG ED,WAITING,VACANT ,
1 1 1 1 1 1 1  .cl e a' r i  hw c i h u r I h bat h l b 7 h q w cp  hq u r M o ba!  l l i l i i i  7 1 1 1 3  J  3 1 1 1 1 3 1 1 1
________  CLOCK = 0____   _ p p _ ..___..... _______ __________  1 -....... ..... . _ _ _ ..........................
 . _  G 0 TO_91__ ........... ..~~~ ""~ ~ ...........  ........... ........' ~ : : ' ~   1 ”7~  ' • ’Z  
”  C  ,   ......” 'r •...  ^ 1    --T— — —  -       -----.................
1 1 ~  "86 ’EXIT ~~ " 1  _ 1  ” 1  ”  1 ”
90  DUMMY
1 7 .  7  3 . end •
c _ _ •
: s u b r o u t i n e £ g e t o c c s <t y p e , s e x #o c c w , o c c u , o c c b ) .
C  ■. _
c ; ;  r e a d s  o c c u p a t i o n  d i s t r i b u t i o n s  f r o m I d i r e c t . a c c e s s  f 1 1 e 1
_C GIVEN TYPE OF CLOAKROOM .... ;.............................___
Array O C C W ( 2 , 1 6 ) , 0 C C U ( 2 , 1 6 ) , 0 C C B ( 2 , 1 6 )  Z ™ ~
F -  DEFINE FI L E 3 (6 0 , 7  8 ,  E , 1 0 1 0 )
 _________ 1=0 _ _ ■  1 ...... _  _ C  . ..  Z.  _______ -    '........................
TYPE LE 3 a 50________________________ ________  __ _ _ _ ...
I F ( S E X ^ T ) 8 0 ,  2 0 , 3 0  1 7 1 “:  ’ " 1 '
20 ST=1
p i p i t  -: ■ i  g o t o 40  - / I ' - ^ ' i i i i i i i  i p y p i i i p p p ' i y n y .p / 1 1 ; ::
30 ST=7
40 AV = ST+( TYPE- 1  ) *12  
GOTO 90
50 IF ( T Y P E - 5 ) 6 0 , 7 0 , 8 0  . 7 ' " “
  .. 60 SEX NE 0 365  _ _ _ _  _ ___
A V = 3 7 + ( S E X - 1 )  * 6
 ________ GOTO 9 0__    :______........... ____      1 ___ _
goto 90
- 70 AV=55 " ■ ' 7  77 “ 17*“ .
GOTO 9 0
1  ;  80 WRI TE d  , 81 )TYPE ' "
81 FORMATC TYPE DATA ERROR, T Y P E - ' , 13)
" 1 e x i t  1  7 : 1  1 1 1
.9 0 DUMMY
F READ(3 ‘T Of O, 1 0 0 ) < ( I 0 0 4 (  1007  , I 0 0 8 ) ,  1007  = 1 , 2 ) , I 0 0 8  = 1 , 1 6 )
F READ( 3 ' 1 0 1 0 , 1 0 0 ) ( ( 1 0 0 5 ( 1 0 0 7 , 1 0 0 8 ) , 1 0 0 7 = 1 , 2 ) , 1 0 0 8 = 1 , 1 6 )
F READ( 3»1 0 1 0 , 1 0 0 ) ( ( 1 0 0 6 (  1 0 0 7 ,  1 0 0 8 )1  1007  = 1 , 2 ) ,  1008  = 1 , 1 6 )
100  F 0 R M A T ( 2 6 I 3 / 6 I 3 )  .
. . 1 - . RETURN 
END
7 1 3  C l  1 " / '   ^1 1 1  " ' 1 1 1 3 3     ^ .......... ■- - - ..........
SUBROUTINE. £STANPAT( R, G)
  C SETS UP ARRAY OF ARRIVAL RATES FOR STANDARD 2 0-MIN SCHOOL PATTERN
 1  array  p a t t ( 3 1 ) ~ ~  ■
• F L O A T  A
COMMON PATT, PERI OD
BKS a = r ' .' 7 / 7  "5
P A T T ( 2 ) = £ N I N T ( 3 0 0 * G / A )
: ; . P A T T ( 1 ) = 2 * P A T T ( 2 )
_  P A T T ( 3 ) = P A T T ( 1 )
11: PATT ( A)  =3 * PATT ( 2 )
PATT ( 5 ) - 9 9 9  ■ _ ________ __
. . v  FOR 1 = 6 , 3 1
PATT( I ) = 0  _ .........
PERIOD = 3 0 0  " ' M M
RETURN 
END 
C
SUBROUTINE £ S P E C P A T ( R , R U N )
C'
c l  SETs  up'  ARRAV OF ARRIVAL RATES B Y R E A D I N G  USER * 
C
; l l f 7 7 7 A ' R  RA-V:■ PA'TT:(3 1  ) -,ARr c s r
FLOAT NOAR, R
COMM ON PAT T,  P E R1.0 D / I i 7 i l I I 7 :7 7 1 1 1 1 1  _ ~U
READ( 5 , 1 0 0 0 ) PERIOD 
1 0 0 0  FORMATC 1 0 )  1
N = RUN/ PERI OD ’
R E AD ( 5 , 1  0 1 0  ) ( ARR ( I ) , I =1 • N ' M
1 0 1 0  FORMAT( 3 2  1 0 )
7  7 WR ITE (1 , 1  01 2 )  (ARR ( I ) , 1 = 1  , N) 7 7 : 1 ^ 7 " "  • 777--_ 
1 0 1 2  FORMATC ARRIVAL PATTERN 1 / 3 2  I 4 ) ■___ ____
FOR I =1 , N
ARR ( I ) ' GT AMAX : a 1 0 1 5  / •
AMAX = ARR( I )
1 0 1 5  DUMMY ’ 7  _ 1 . 7- 7 L_  ”
FOR 1 = 1 , N ' _ . ■
n o ar = a RR( i ) * r / AMAX'7' 77 . :7r7 1 i I l M S S I I 3 l I I l
PATT ( I ) = £ N I N T ( P E R I 0 D / N 0 A R )
A " PATT (N + 1 ) = 9 9 9  7. - 7 "
N LT 3 0  a 1 0 2 0  
FOR I = N + 2 , 3 1  .
PATT(  I ) = 0  _
1 0 2 0  RETURN ...
END
C '
C  ........ ■......... ■__________ _ .....................
E N D S U B F I L E • T
PATTERN
APPENDIX B. 2
LIST OP VARIABLES IN CLOAKROOM SIMULATION MODEL 
CLOCK Value o f  tim e  ( i n  seco n d s)
USER(250) C la s s .  Has a t t r i b u t e s :  1) F i r s t  re q u ire m en t 2) Second
T.USER Time c e l l  — tim e  o f a r r i v a l
NOTHERE U ser s e t  -  o u ts id e  cloakroom  system
WAITING ” " — o u ts id e  b u t w ith  a r r i v a l  tim e  a s s ig n e d
QUEUING ” ” — in  a  queue
USING " " -  i n / a t  an a p p l ia n c e
APPLEANCE(40) C la s s .  Has a t t r i b u t e s :  1) Type 2) U ser number
T.APPLIANCE Time c e l l :  tim e  b e fo re  becom ing v aca n t
VACANT Appliance set
ENGAGED " "
IDLETIME(40) Length o f  tim e  a p p lia n c e  i s  v aca n t
QUEUE(3) Length o f  queue f o r  each  ty p e  o f  a p p lia n c e
STARTFULL(3) Time a t  w hich a l l  a p p l ia n c e s  o f  a  ty p e  become f u l l
N0R00M(3) Length o f tim e  a l l  a p p l ia n c e s  o f a ty p e  a re  f u l l
D(3) ( r e a l )  io tim e  c o rre sp o n d in g  to  NOROOM
PR0B(3) ( r e a l )  cu m u la tiv e  v a lu e  o f  D (3) ov er ru n s
TITLE T i t l e  o f  run
QTIME(4) Running t o t a l  queue tim e  f o r  each a p p lia n c e  ty p e
T0T(4) Number o f u s e r s  who queue
RUT0TQ(4) Running t o t a l  o f  TOT o v er a  s e r i e s  o f  ru n s
RUMEAQ(4) Mean queue tim e  f o r  each  a p p lia n c e  ty p e
B ( r e a l )  $  v aca n t tim e
RIDLE ( r e a l )  e q u iv a le n t  to  IDLETIME
RRUN ( r e a l )  e q u iv a le n t to  RUNTIME
RPULL ( r e a l )  e q u iv a le n t  to  NOROOM
MAXPROB ( r e a l )  Perfo rm ance c r i t e r i o n :  optimum '’a l l - f u l l "
RQ ( r e a l )  e q u iv a le n t to  QTIME
MEANQ Mean queue tim e  p e r  q u eu e in g  u se r
RRATE ( r e a l )  e q u iv a le n t to  ARRATE
HWC H istogram  -  queueing  tim e s  f o r  WC
HUR " -  " " " u r in a l
HBA " -  " " " b a s in
HLB " -  " " " b a s in  a f t e r  t o i l e t
HQWC ,f — number i n  queue i n  f r o n t  o f  a r r i v a l  f o r  WC
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HQUR
HQ£A
I
SEX
ARRATE
NOAPP
NOWC
HOUR
NOBA
RUNTIME
TWARMUP
NORUNS
MAXRUNS
STREAMA
SWONE
SWTWO
SWREE
SWOUR
STOVE
SWIX
SWEVEN
SWATE
V
MEANARR
USEFTRST(2,4)
USESECOND(2 ,3 )
OCCTIMEWC(2 ,1 6 )
OCGTIMEUR(2,16)
0CCTIMEBA(2,16)
OUTPLOT(6 ,2 5 0 )
ARRPATT(31)
GRPSIZE(2,5)
TYPE
MEANG
PERIOD
J
RERUN
RUNNC
H istogram  — number i n  queue i n  f r o n t  o f  a r r i v a l  f o r  u r in a l
»t „  i» tt it it m it it it - b a s i n
I n te g e r  v a r ia b le  
0 -  m ixed, 1 -  m ale, 2 — fem ale  
Mean a r r i v a l  r a t e  p e r  5 m in u tes  
Number o f  a p p l ia n c e s  
Number o f  WCs 
Number o f  u r in a l s  
Number o f  b a s in s  
Length o f  run
Warm—-up tim e  b e fo re  re c o rd in g  s t a r t s  
Number o f  ru n s  p e r  s e t  o f  c o n d i t io n s  
Maximum t o t a l  number o f ru n s  ( i n t e g e r  x NORUNS)
Random number s t a r t e r  (and  a r r i v a l  tim e  sam p ler)
S w itch  f o r  a r r i v a l  p a t t e r n :  0 -  c o n s ta n t ,  1 -  s ta n d a rd  variabLe,
2 -  s p e c i f i e d  "
S w itch  f o r  o u tp u t o f  OUTPLOT
S w itch  f o r  o u tp u t o f h is to g ra m s  j
S w itch  f o r  o u tp u t o f  h is to g ra m s  j
Sw itch  f o r  o u tp u t o f v aca n t tim e s
S w itch  t o  s e l e c t  " u r in a l  o v e rflo w  t o  WC"
Sw itch  t o  s e le c t  flo w  m o n ito r in g  
S w itch  f o r  o u tp u t o f  P ( P u l l )  f o r  in d iv id u a l  ru n s  
Maximum number o f  s e t s  o f  c o n d i t io n s  
Mean i n t e r - a r r i v a l  tim e  
D is t r ib u t io n  o f f i r s t  req u ire m en t
" ” second re q u ire m en t
" ” WC o c c u p a tio n  tim e s
" " u r in a l  ” ”
" " b a s in  " "
O utput d a ta  f o r  each u s e r
V alues o f  MEANARR f o r  v a iy in g  p a t t e r n
D is t r ib u t io n  o f s i z e  o f  groups
Type o f  cloakroom , eg  o f f i c e ,  p rim ary  sch o o l
Mean group s iz e
Length o f p e r io d  o f  c o n s ta n t  a r r i v a l  r a t e
I n te g e r  v a r ia b le  j
S w itch  f o r  s e le c t in g  r e p e a t  s e t  o f ru n s  !
|
Run number w ith in  one s e t  o f c o n d i t io n s  j
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RUNTOT Running t o t a l  o f ru n s
HAPHAZ I n i t i a l  v a lu e  o f STREAM A
STREAMB Random number t o  sam ple USEFIRST
STREAMC " " " " USESECOND
STREAMD " " " " OCCTIMEWC
STREAME " " ,f " OCCTIMEUR
STREAMF " " " " OCCTIMEBA
STREAMG " " " " GRPSIZE
T,CHANGE Time c e l l :  tim e  t o  change o f  a r r i v a l  r a t e
RATE S u b s c r ip t  f o r  ARRPATT
NOARR Number o f a r r i v a l s
N I n te g e r  v a r ia b le
G Sampled v a lu e  from  GRPSIZE
TG Time to  a r r i v a l  o f  n e x t group
M I n te g e r  v a r ia b le
C "
S "
A "
K "
ZO "
S u b ro u tin e  GETOCCS -  Reads r e le v a n t  o c c u p a tio n  -  tim e  d i s t r i b u t i o n s  from
d a ta  f i l e
OCCW E q u iv a le n t o f  OCCTIMEWC
OCCU " " OCCTIMEUR
OCCB " " OCCTIMEBA
I  I n te g e r  v a r ia b le
J  " "
ST ” »r
AV A ddress o f  f i r s t  d i s t r i b u t i o n
S u b ro u tin e  STANPAT -  g e n e ra te s  s ta n d a rd  v a r ia b le  a r r i v a l  p a t t e r n  
R E q u iv a le n t t o  ARRATE
G " " MEANG
PATT ** ” ARRPATT
S u b ro u tin e  SPECPAT -  g e n e ra te s  u s e r - s p e c i f i e d  a r r i v a l  p a t t e r n
RUN E q u iv a le n t to  RUNTIME
ARR(31) V alues o f  demand p a t t e r n  su p p lie d  a s  d a ta
NOAR Number o f a r r i v a l s  p e r  p e r io d
AMAX Maximum v a lu e  o f  ARR
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i l l
TOTAL USERS = 2 7  MEAN QUEUING TIME * 7 . 9 _  SECS
USERS WHO. WAIT = . 4.  7  MEANIT I ME ' * 7.  5 3 V 0 0  SEC S' .7
' Z   ..........  RANGE_ „   ■,    ^ =r..—______ _-______ _ _
 ^ :. 7 . \ ; ■ 1 TO 2 0  3  7 3  -- - - - - - - __________ _
0 41 TO 6 0  .■:y;.'r r~ ;' ■' . ~ ~
Z I I Z j l Z I Z ' Z .  a o o  3 1 .  1 o o ~ ' ~ T . ...
3 ^ 3 3 I 3 3 3 3 L T  0 3 3  1 4 0 3 1 3
   0    1 61 TO _ _  1 80 '  3  ~ 7   ^ ' ' ' ' '________________
0 201 TO 2 2 0  *
0 221  TO 2 4 0
0 _  241  TO 2 6 0  _ _  _
■k -z. 0 ” - 2 6 1  T O ^ ^ ;  2 8 0  j Y . ’; . * ’ :a;. . /  ■
0 281  TO __ 3 0 0   _   _
/  4  0 . 3 0 1  TO L i  “ .  " ^ 3 “ "^ 3  7 3 3 3  ~ '  : >
TOTAL USERS «  ' 1 3 9 - 3  WEAN
USERS W HO . WAI T = 1 0 .  MEAN . 1 1 ME = 1 5 . 9 0  SECS___
TOTAL USERS = 0 MEAN QUEUING TIME a 0 . 0  SECS
USERS WHO WAIT a 0 MFJ\N_TlME a." GV-00 SECS " - -
FOR\  BAS 1 N AFTER WC OR URI N
COUNT _ . RANGE __ _ _____ _ _______
 _  3    :   1 TO 2 0  .y ;- . ■: ■ ■  ________ '_____ ;. _
J )  ’ _   ^ A1...to 60  ■   '
. _ o   81 to j i o o   ....
. ; _ L . _ 0    12 1  . TO__ _ 1 AO 3  1- 111^ -11.1.__ _. ..................
, ~  " r ' y " ^ 61 TQ— - <|a() —  *  -  —    —  
 __  0_........  201...TO 220 • : ~: : ___ :____ _
 o  ^ ..... ..... 2 4 1  TO 2 6 0  ^  ■: , . /  _ ______ _________ ___ .
. 0  \   281  TO_ •  300 . ______________________ :______ _____
TOTAL USERS = 1 6 5  M E A N l Q U i l f l N a Z f T M ^ T  7 o 7 o ~ s e c s
1,S1RS_WH0 WAIT a . . . .  ......3 _  ME ANYTIME.  = __ £ , 3 3 .....S £ C S ______ '
QUEUE LENGTH h i s t o g r a m s
P . : : ; / P  P P r / " . "
COUNT RANGE
S i  /  2 3 TO - , 0 ..' ‘....
1 TO 1
S S E M l P l P r O 2 TO : '  '  — ::r  -
■:■ '■ 0 ■■■ 3 TO 3 , '  ■
. 0 _ 4 TO 4_-_ . . ::
■ o .;■■■■ S TO 5
i _  o 6 TO 6 -- ^
0 . 7 TO 7
0 . 8 TO 8
0 9 TO . . . . . . - . . . . . . 4 .  .r^ ;.rvr.r . . . . . . . .—. . . . . ..
FOR URINAL
~~1 j . . . ^  '  ^ ■ . . . . .
COUNT RANGE
131 TO o ~
Q 1 TO . O ' - _ “ -
1 ? TO 2
r  i "  ~ 1 3 TO I S  s i p '
0 4 TO 4
- 0 S TO 5 _ E .V:
0 6 TO 6
: -  “ i  o 7 TO 7 “ . . "EH":
0 8 TO 8
-  — ■ 0 9 TO
“ -  FOR BASI N
COUNT RANGE
r  /  . 162  T O . '  ~ .
1 TO __
S S I  o ?. T O. .
 ^  ; S ;. vP^ 0 V P  , S „  J5 T0 P _ _  -
~     .....
:     "  0 ^  1„. ;'...
3 " ~ :' Z ......  " o'........  ‘ ■ 9 TO ~ :’
WC 1 5 5 / 3 %
^ ____  WC : v 3 7 0 . 0 %
. _ . . ^  ..       ^
_  . .  ^ y N  A  — -  y  - - -   - — •• ^  ^  ^
~ Z " "  " V as  i n ~~q - ~ - y  ^ _•......................
~~~~ so  * 7 % ~ ' ^ z z r r 7 :  r  ~ z .  =.- -  L _ •■'■'
FOR WC 1 5 , 4 1 % _______________  ___
: " Z ~ ~ s ' ■
       '• ' ’Tf- iv*:f
MEAN P ROBABI LI TI ES  TOR 2 “ .RIJNS - " ‘ X-
FOR WC 9 ; 4 8 %  _
FOR URINAL 4 , 0 8 %  _ ‘ “
FOR BASI N 0 . 9 3 %
MEAN WAITING RESULTS FOR 2 RUNS ” ^
NO.  WAITING - .__tfF.4N T I « ’f e  
FOR WC 2 . 0 0  2 6 . 5 0
FOR URl WAi  5 . 0 0   “ 7 . 9 5  i
FOR BASI N ONLY 0 . 0 0  0 . 0 0
FOR BASIN'  AFTER *“l  , 5 0   ^ ““  T . 1 7  - M
r e r u n  w i t h  
NO.  OF W.CS 3
NO.  OF URINALS 3
NO * OF BASI NS 3
RUN NO.  1
RUN STOPPED AT TIME 3 6 0 2  
NO.  ‘OF ARRIVALS 1 6 6 "
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APPENDIX C
THE PROBABILITY OF ARRIVALS IN 
A COMPOSITE TIME INTERVAL
I f  th e  tim e betw een a r r i v a l s  a t  th e  cloakroom  fo llo w s  a n e g a t iv e -e x p o n e n tia l  
d i s t r i b u t i o n ,  th e n  th e  p r o b a b i l i t y  o f one o r  more a r r i v a l s  in  a tim e i n t e r v a l  
t  i s  g iv en  by P (1 o r more a r r i v a l s  in  tim e t )  = 1 -  P (no a r r i v a l s  in  tim e t )
mean a r r i v a l  r a t e
But th e  a r r i v a l s  in  any one tim e i n t e r v a l  a re  in d ep en d en t of ev e n ts  in  any 
o th e r  so t h a t :
P (1 o r  more a r r i v a l s  in  tim e t j  + t2 + . . .  +t n ) = 1 -  P (no  a r r i v a l s  in  tim e
e mt w here m i s  th e
t j  + t2 + . . .  + tn )
P(no a r r i v a l s  in  t , ) .
P(no a r r i v a l s  in  t 2)
e-mT
= P (1 o r  more a r r i v a l s  in  tim e
where T = t j  + t 2 . . .  + t n
Thus th e  summation o f  th e  in d iv id u a l  ’a l l - f u l l 1 p e r io d s  i s  v a l i d .
w ■ m m  ( V t o » C V
BEGIN FLOWCHANGE
C_
SWEVEN EG 1  ~ / ' ' ! ^ ' :";T;'Vrv'’V
SWATCH=0
TF LOC( X , Y) =TFLOC( X #Y) +CLOCK- STAFLOG( X,  Y)
TFLOH( W) =TFLOH( W) +CLOCK- STAFLOH( W)
; • FOR IeOFFW
T . V A L V E . I  EQ 0 3 7 2 2
VALVE . I FROM OFFW r 
VALVE. I  INTO ONW 
VALVE.  1 ( 1 ) =1  
T . V A L V E . I  = F LOWC( 3 )
. SWATCH EQ 0 3 7 2 1
CALL E U P D A T E F L _ _
7 2 1  F LOBC( I ) = F LOWC( 4 )  *
WRITE ( 2 # 9 0 0 1  ) I  # C LOC K r F LOWC ( I )_
• .9 001  . FORMAT( '  WC VALVE* , 1 3 ,  ' 0 N AT* , 1 5 * *  / FOR ' , I 5 )
7 2  2 ......  DUMMY
. FOR I = 0 N W
....___ ... T.  VALVE.  I EG 0 3 7 2 6
l ^ l i l ^ l l E i l V A L V E .  1 ( 1 )  EQ FLOWC( 2)  3 7 2 5  . . .  „ J  ’ _
VALVE. I  FROM ONW 
VALVE. I  INTO OFFW 
SWATCH' EQ 0 3 7 2 3
CALL EUPDATE F L
7 2 3  F LOBC( I ) = 0
.. WRI TE( 2 ,  9 0 0 2 )  I # C L O C K .
9 0 0  2   . FORMAT( '  WC VALVE'  , 1 3 , '  OFF AT1 , 1 5 )
A P P L I A N C E . I  IN ENGAGED 3 7 2 6
. . . 7 2 4  . .  Z = SAMPLE( 1 , F LUSHT , STRF.AMH) _
T . A P P L I A N C E . I  GT Z 3 7 2 4  
T . V A L V E . I  = T . A P P L I A N C E . I - Z  
. GOTO 7 2 6
7 2 5  N = V A L V E . I ( 1 )
T . V A L V E . I  = DT F 
F L OB C ( I ) = F L OWC ( N + 4 )
V A L V E . 1 ( 1 ) +1  
SWATCH EQ 0 3 7 2 6
CALL EUPDATEF L
7 2 6  DUMMY
Y , Y  ^ : V:
FOR I =0  F F H
T . H T A P .  I EQ 0 3 7 2 8  ____
HTAP. I  FROM OFFH 
HTAP. I  INTO ONH
SAMFL=SAMPLE( 1 , TFLOBAH, STREAMH)
T . H T A P * I = T . A P P L I A N C E * I * S A M F L / 1 0 0  
SWATCH EQ 0 3 7 2 7
CALL EUPDATE F L
7 2 7  F L O B H ( I ) = S A M P L E ( 1 , FLHBA, STREAMH )
WRI TE( 2 # 9 0 0 3 ) I , C L O C K , T . H T A P . I , FLOBH ( I )
9 0 0 3  FORMATC H O T T A P ' , 1 3 , '  ON AT • r I 5 , • F O R ' , 1 5 , '
7 2 8  DUMMY
FOR I =ONH ,
. .. . T . HT AP .  I EQ 0 3 7 2 9
HTAP. I  FROM ONH 
HTAP. I  INTO OFFH 
F LOB H( I ) = 0  
SWATCH EQ 0 3 7 2 9
CALL EUPDATEF L
7 2 9  DUMMY
C
A T ' , 1 5 , ' M L / S ' )
    T . C T A P .  I EQ 0 3 7 3 1
CTAP . I  FROM OFFC 
CTAP . I  INTO ONC
SAMF L = SAMP LE( 1 ,  TFLOBAC, STREAMH)
T . C T A P . I = S A M F L * T . A P P L I A N C E . 1 / 1 0 0  
SWATCH EQ 0 3 7 3 0
CALL fUPDATE F L
7 3 0  L F LOBC ( I ) =SAMPLE (1 , F LCBA , STREAMH) /
. WRI TE( 2 , 9 0 0 4 ) I , C L O C K , T . C T A P . I # FLOBC<I )
9 0 0 4  FORMAT ( '  COLDTAP' , 1 3 , V ON AT V, 1 5 ,  1 FOR 1 , 1 5 , '  A T » , I  *5, ' M L / S ' )
7 3 1  DUMMY
T . C T A P . I  EQ 0 3 7 3 2
i i i i i ^ l l M C T A p ; i  f rom onc  .
CTAP . I  INTO OFFC 
" I I M S  I O  F1 0 B C ( I ) = 0
SWATCH EQ 0 3 7 3 2
CALL f UPDATE F L 
7 3 2  DUMMY
.C
C CHECK TOTAL FLOW STATES
C . - -
_______ _ COUNT N ONW
l i l i i ! l f x  = N+i  .. - [
COUNT N ONC
B i l i f  y = n +1 ■; T:" : - n
  COUNT N ONH __ _ _____ . ■ : . _
STAFLOC( X, Y) =CLOCK _ _  ' _  ' " .J
STAF LOH(W)=C LOCK " V _ " ~  .  I
SWATCH EQ 1 3 7 4 0
/ . FOR I = 1 , 4 0  v V .
TOTFLOC + F LOBC ( I )
' ' TOT FLOH + F LOB H ( I )
WR I T E ( 2 , 9 0 0 9 ) TOTFLOC, TOTFLOH, CLOCK 
9 0 0 9  F 0 R M A T (*: C 0 L D F L 0 W' , 1 6 , ' , HOT FLOW*, 1 6 ,  '
7 4 0  DUMMY _ ^
SUBROUTINE EUPDATEFL
HIST FLOC< 1 5 , 0 , 5 0 ) , FLOH< 1 5 , 0 , 5 0 ) , F L O T <1 5 , 0 , 5 0 )
COMMON/ FLOBLOC/ SWATCH, CHFLO, TOTFLOC, TOTFLOH, CLOCK, FLOH, FLOC, FLOT,  
1 FLOUR
WR I T E ( 2 , 9 0 0 6 ) CLOCK, TOTFLOC, TOTFLOH, FLOUR  
9 0 0 6  FORMAT( '  UPDATEFL ENTERED AT 1 , 1 5 / ' COLD = ' , 1 5 ,  ' HOT®'  , I 5 
1 , '  URI NAL= ' , 1 5 )
TOTFLOC+FLOUR
TOTFLO=TOTFLOC+TOTFLOH
FOR J =CHFLO, CLOCK- 1  ,
ADD TOT F LOC, F LOC . -
ADD TOTFLOH, FLOH 
ADD TOTF LO, F LOT
TOTFLOC=0
TOTF LOH = 0
TOTF LO = 0 :
SWATCH=1
CHFLO=CLOCK
RETURN
END
SUB ROUT INE £ HISTNORM < F LOC > F LOHY FLOT # RRUN)
FLOAT RRUN, PROP  
i  HIS T F LOC < 1 5 , 0  , 5 0 )  V F L 0 H < 1 5# 0 #5 0 )  , F  LOT < 1 5 , 0 , 5 0 )  
_ 7 _ Y  ARRAY X ( 1 5 ) , Y < 1 5 ) , Z ( 1 5 )
i M f l i  i  J = 1 :> : - i f  ■■:
X ( J ) = Y I E L D ( FLOC, 0 )  
i f i i i i i l Y  < j ) = YI e LD ( F LOH, 0 )  - f  "z  ^ i l S I Y I s  "=r~
Z < J ) = Y I E L D ( F L O T , 0 )  __
f or  1 = 1 0 / 6 6 0 , 5 0  _ "" f i ; i i f : . i
J+1 • ____ ■■ _ _ _ _  ■ ■■
i i l i i f f i i i : 7:y X.( J ) =Y I E LD C FLOC
_ _ _ ■  Y ( J ) = Y I E L D ( FLOH, I ) __ __.........  ;.......__
 ^ . Z < J > = Y I E.LD <F LOT',  “ -~rZ : ...
CLEAR FLOC, FLOH, FLOT  
FOR N = 1 , 1 5
P R O P = X ( N ) / R R U N * 1 0 0 0 .
X ( N ) = £ N I N T  ( PROP)
__  _ P R O P = Y ( N ) / R R UN * 1 0 0 0 .
Y ( N) =£ NI  NT( PROP)
P R O P = Z ( N ) / R R U N * 1 0 0 0 .
_.f i f  Z <N) =£ NI  NT<PROP)
X (1 ) NE 0 0 9 1 1 0
FOR 1 =1 #  X <1)
ADD 0 , FLOC _
. 9 1 1 0  Y d  ) NE 0 0 9 1 2 0  " 11"
FOR 1 = 1 , Y ( 1 )
. ADD 0 # F LOH ' 7 Y Y  _ 1"
9 1 2 0  Z ( 1 )  NE 0 0 9 1 3 0
. i  FOR I = 1 , Z (1 )
ADD 0 , FLOT
9 1 3 0  FOR „ N = 2 , 1  5 " " 1  7~ 1
N U M = ( N - 2 ) * 5 0 + 1 0 _ _  __
X ( N) NE 0 0 9 1 4 0
FOR 1 = 1 , X ( N)
ADD NUM,FLOC J
9 1 4 0  Y ( N) NE 0 0 9 1 5 0
FOR 1=1 , Y ( N )  • .
ADD NUM,FLOH 
9 1 5 0  Z ( N) NE 0 0 9 1 6 0
FOR 1 = 1 , Z ( N )
ADD NUM,F LOT “ -
9 1 6 0  DUMMY
W R I T E d  , 9 1 7 0 )
9 1 7 0  FORMATC NORMALISED HI S TOGRAMS ' / '  COLD*)
. . .  OUTPUT FLOC
W R I T E d  , 9 1 7 1  )
9 1 7 1  I  F ORMAT ( * HOT ' )
OUTPUT FLOH
W R I T E d  , 9 1 7 2 )  i . Y  . .
9 1 7 2  FORMATC HOT_+ COLD' )
OUTPUT FLOT " i ' l l 1  ‘ 7 ”
RETURN
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19 
19 
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1
17
17
20
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2
8 40 
5 3
4 2 5 3 6 4 8 5 1 0  3 1 2
50 40 30 1 5 1 2 1 0 8 6 4 3 2
32' 1 1 42 10 55 8 65 6 75 8 82
32 11 42 10 55 8 65 6 75 8 82
40 9 60 10 80 1 7 1 0 0  5 1 5 0  3 2 0 0  
9 6 0 . 1 0  80 . 9 1 0 0  8 1 2 0  7 1 4 0
2 16 1 20
5 87 
5 87 
2 2 5 0  
6 1 6 0
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1 3 0 0
5 1 8 0
f l p p E N P l X  ( j )  . SflMPLfi OUTPUT p Ro(H p fc o u ,
HISTOGRAMS OF FLOW R A T E S . . .
NO.  OF SECS AT MI LLI E I T RE S / S E C  ! NORMALISED HISTOGRAMS
COLD WATER COLD
COUNT RANGE ! COUNT RAUOI;
3 51 IO 0 i ,>'> 1 1 0 u
2 4 7 1 I 0 5 0 j 2 0ft 1 1 0 5 ii
*»;»/* VI IO I 0 0 I h \ ( 'i 1 i n 1 HO
1 a 101 TO 1 5 0 1 5 1 01 I 0 1 5 0
ft 0 151 TO 2 00 5 0 1 51 10 2 00
0 20 1 TO 2 5 0 0 20 1 TO ^ 5 0
0 251 TO 3 0 0 0 25 1 TO 3 0  0
■:.L- ; 0 30 1 TO 3 5 0 0 3 0 1 TO 3 50
0 3 5 1 TO 4 0 0 0 35 1 TO 4 0 0
0 401 TO 4 50 0 401 TO 4 5 0
0 451 TO 5 0 0 0 451 TO 5 00
0 501 TO 5 5 0 0 501 TO 3 5 0
o ■ . _ _ 551 TO 6 0 0 0 551 TO 6 0 0
0 6 0 1 TO 6 5 0 - ' 0 60 1 TO ; : 6 5 0
0 ............ 6 5 1 TO 0 65 1 TO
HOT WATER . H O T
COUNT RANGE COUNT RANGE
1 0 8 3 TO 0 " V -  9 0 3 TO 0
3.... 1 TO 50 3 1 TO 50
: ,  7 5 51 TO 1 0 0 : 6 3 51 TO 1 0 0
19 ........ 101 TO 1 5 0 1 6 101 TO 1 50
2 0  ...... 151 TO 2 0 0 1 7 1 51 TO 2 0 0
0 . 201 TO 2 5 0 0 201 TO 2 5 0
0 . _: 251 TO 3 0 0 ■' : V W : ...... 0 2 5 1 TO 3 0 0
0 301 TO 3 5 0 0 3 0 1 TO 3 5 0
0 351 TO 4 0 0 -  o : - 3 5 1 TO 4 0 0
0 401 TO 4 5  0 0 401 TO 4 5 0
...  0 451 TO 5 0 0 o 4 5 1 TO 3 0 0
0 501 TO 5 5 0 0 501 TO 5 5 0
0 551 TO 6 0 0 0 551 TO 6 0 0
0 6 0 1 TO 6 5 0 0 6 0 1 TO 6 3 0
0 65 1 TO 0 6 5 1 TO
HOT + COLD WATER ; HOT + COLD
COUNT RANGE | COUNT RANGE
3 4 4 TO 0 2 8  7 TO 0
21 7 1 TO 50 18 1 1 TO 3 0
5 0 9 51 TO 1 0 0 I 4 2 4 51 TO 1 0 0
21 101 TO 1 5 0 1 8 10 1 TO 1 5 0
6 3 151 TO 2 0 0 5 3 15 1 TO 2 0 0
1 20 1 TO 2 5 0 1 20 1 TO 2 6 0
45 251 TO 3 0 0 3 8 2 5 1 TO 3 0 0
0 :• 301 TO 3 5 0 0 3 0 1 TO 3 50
0 35 1 TO 4 0 0 0 35 1 TO 4 0 0
■■;■ 0 - 401 TO 4 5 0 j ' ■ 0 40 1 TO 4 5 0
0 45 1 TO 5 0 0 ! 0 4 5 1 TO 5 0 0
. 0 501 TO 5 5 0 j::..... .../ 0 .. 50 1 TO 5 5 0
0 551 TO 6 0 0 0 55 1 TO 6 0 0
o 60 1 TO 6 5 0 0 6 0 1 TO 6 5 0
0 65 1 TO 0 6 5 1 TO
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LADIES'  DATA 1 0 / 0  L
HOT WATER VOLUMES PER USE ( ML);
HISTOGRAM
TO 50 : 2
50 TO 1 0 0 10
10 0 TO 1 5 0 12
1 5 0 TO 2 0 0 10
2 0 0 TO 2 5 0 10
2 5 0 TO 3 0 0 ' 1 0
3 0 0 - T O 3 5 0 7
3 5 0 TO 4 0 0 2
400 ■ TO 4 5 0 3
450 TO . 5 0 0 7
•■500 TO 5 50 7
5 5 0 TO 6 0 0 2
6 0 0 TO 6 5 0 3
6 5 0 TO 7 0 0 3
7 0 0 TO 7 5 0 0
7 5 0 TO 8 0 0 4
8 0 0 TO 8 5 0 0
850 TO 9 0 0 2
9 00 TO 9 5 0 1
9 5 0 TO 1 0 0 0 2
1 0 0 0 TO 1 0 5 0 1
1 0 5 0 TO 7
NO. OF VALUES 
MEAN VALUE 
STANDARD DEVN
1 0 5
4 5 7 . 3 9
4 8 7 . 8 8
HISTOGRAM
. 50 
1 00 
15 0  
2 0 0  
2 5 0  
3 0 0  
3 5 0  
4 0 0  
45 0  
500  
550  
6 0 0  
6 5 0  
7 0 0  
7 5 0  
8 0 0  
8 5 0  
9 00  
9 5 0  
1000 
1 0 5 0
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
50
100
1 5 0
2 0 0
2 5 0
3 0 0
3 5 0
4 0 0
4 5 0
5 0 0
5 5 0
6 0 0
6 5 0
7 0 0
7 5 0
8 0 0
3 5 0
9 0 0
9 5 0
100 0
1 0 5 0
COLD WATER VOLUMES PER USE ( ML);
NO, OF VALUES 
MEAN VALUE 
STANDARD devn
3?
3 3 2 . 6 2
5 0 0 . 9 2
2 9 0
L A D I E S '  D A T A  1 0 / 0 1
H O T  W A T E R  F L O W  R A T E S  ( M L / S E C )  i
H I S T O G R A M :
TO 0 0
0 TO 10 0
1 0 : TO 20 ■ V - i s
"" ' ' 20 ‘TO 30 3
30 TO - 40 15
40 TO 50 , 21
50 TO 60 30
60 TO • 70 34
70 TO ■ 80
80 TO 9 0 0
9 0 TO . 1 0 0 : 0
1 0 0 TO 1 1 0 0
11 0 TO ^ 1 2 0 0
1 2 0 TO 1 3 0 0
1 3 0 TO 1 4 0 0
1 4 0 TO 1 5 0 0
1 5 0 TO 1 6 0 0
1 6 0 TO 1 7 0 0
1 7 0 TO 1 3 0 0
1 3 0 TO 1 9 0 0
1 9 0 TO 2 0 0  ... 0
2 0 0 TQ 0
NO, OF VALUKS 121
MEAN -VALUE 5 4 , 0 6
STANDARD DEVN 1 3 . 6 3
COLD WATER FLOW RATES cml/ s e c ;
HISTOGRAM:
TO 3 0 0
..... q TO 10 0
TO 20 0
2 0 TO 30 0
: 30 TO 40 0
40 TO 50 3
TO 60 2
60 TO 70 5
70 TO 80 ;3
80 TO 9 0 2
r 9 0 TO 1 0 0 ■ 4
1 0 0 TO 1 1 0 3
1 1 0 TO 1 2 0 3
1 2 0 TO 1 3 0 ■3
• 1 3 0 TO 1 4 0 3
1 4 0 TO 1 5 0 2
1 5 0 TO 1 6 0 3
1 6 0 TO 1 7 0 5
170 TO 1 8 0 0
- 1 8 0 TO 1 9 0 2
190 TO 200 0
200 TO 0
N O ,  O F  V A L U E S  Ai l
M E A N  V A L U E  1 1 0 . 0 4
S T A N D A R D  D E V N  A 1 . A 6
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HISTOGRAM!
TO 0 0
■"' ■■■Mv - ;  o TO 5 60
5 TO 10 42
10 TO 15 7
15 TO 20 5
• 20 TO 25 4
25 TO 30 1
30 TO 35 1
35 TO 40 0
: 40 TO 45 - 0
45 TO 50 1
s o TO 55 0
' 55 TO 60 0
60 TO . 65 0
65 TO 70 0
7 0 TO 75 0
75 TO 80 0
80 ■TO..,, 85 0
85 TO 9 0 0
90 TO 9 5 0
9 5 TO 1 0 0 0
1 0 0 TO.  . 0
NO. OF VALUES i 121
MEAN VALUE 
STANDARD DEVN
7 . 1 3
6 . 6 2
COLD WATER FLOW LENGTHS (SECS
HISTOGRAM!
TO 0 0
0 TO 5 31
5 TO 10 6
 ^ 10 TO 15 3
■■ 15 TO 20 3
20 TO 25 0
25 TO 30 0
30 TO 35 0
35 TO 40 0
40 TO •45 0
45 TO 50 0
50 TO 55 0
55 TO •60 0
60 TO 65 0
65 TO 70 0
70 TO 7 5 0
75 TO 80 0
80 TO 85 0
85 TO 9 0 0
90 TO 9 5 0
95 TO 100 0
100 TO 0
NO, OP VALUES 43
MEAN VALUE 4 . 8 4
STANDARD DEVN ■4,-43
O C C ,  T I M E  O F  M A T  ( S E C S ) :
HISTOGRAM:
TO 0 0
0 TO 5 12
5 TO 10 21
10 TO 15 15
15 TO 20 :■ 6
20 TO 25 . '■ i3
25 TO 30 . 3 ;
30 TO 35 •4
35 TO ■ 40 , 2
40 TO 45 0
45 TO 50 1
50 TO 55 1
55 TQ 60 0
60 TQ 65 0
65 TO 7 0  - 0
70 TO 7 5 0
75 TO 80 0
80 TQ 85 0
85 TO 9 0 - 0
9 0 TO 9 5 0
9 5 TO 1 0 0 0
1 0 0 TQ 0
NO, OF VALUES 68
MEAN VALUE 1 3 . 9 9
STANDARD DEVN 1 1 , 1 3
% FLOW PART OF QCC. TIME ( S E C S ) :  
HISTOGRAM:
TO 0 
0 TO 5
5 TO 10
10 TO 15
15 TO 20
20 TO 25
25 TO 30
30  TO 35
35 TO AO
40 TO 45
45 TO 50
50 TO 55
55 TO 60
60 TO 65
65 TO 70
70 TO 7 5
v ^ - 7 5 : '  TO 80
80 TO 85
^ ^ : - ' 8 5  TO 9 0 
9 0  TO 9 5
9 5  TO 1 0 0
1 0 0  TO
N O ,  O F  V A L U E S  6 8
M E A N  V A L U E  5 8 , 5 3
S T A N D A R D  D E V N  2 2 , 7 7
0!
0
01 
1
1 r
■4i--
6
2 
6 
3 
5 1 
5] 
■4 i 
• 4 j 
-3,1 
■3!
8 ’
■ 5 1 
4 !
1
0
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MEN’ S DATA / 0 / 06 -
HOT WATER VOLUMES PER USE < MI )*
HISTOGRAM
TO 50 - ; 0
50 TQ 100 . 0
100 TO 1 5 0 v 3
1 5 0 TO 2 0 0 2
200 TO 2 5 0 3
25 0 TO 3 0 0 1
3 0 0 TO : 3 5 0 4
35 0 TO 4 0 0 •5
4 0 0 TO 4 5 0 2
4 5 0 TO 500 3
5 00 TO 5 5 0 1
550 TQ 6 0 0 1
6 0 0 TQ 6 5 0 2
6 5 0 TO '700 4
7 0 0 TO 7 5 0 3
7 5 0 TQ 80 0 2
8 0 0 to ; 8 5 0  - 1
85 0 TQ 9 00 1
9 0 0 TO 9 5 0 0
9 5 0 TQ 1 0 0 0 1
1 0 5 0  TO
NO, OF VALUES 4 7
MEAN VALUE 6 2 1 . 3 5
STANDARD DEVN 4 1 2 . 5 3
COLD WATER VOLUMES PER USE (ML>!
HISTOGRAM
TO 50 . 0
50 TQ 1 0 0 0
100 TQ 1 5 0 0
1 5 0 TQ 20 0 0
200 TQ 250- 0
2 5 0 TQ 3 0 0 1
30 0 TQ 3 5 0 0
35 0 TO 400 0
4 0 0 TQ 4 5 0 0
450 TQ 50 0 1
50 0 TO 55 0 1
550 TQ 6 0 0 0
6 0 0 TO 6 5 0 0
6 5 0 TO '700 0
70 0 TQ ' 750 0
7 5 0 TO 8 0 0 0 !
80 0 TQ 8 5 0 0 :i
8 5 0 TQ 9 0 0 1 ■
9 0 0 TO 9 5 0 0 !
9 5 0 TO 1 0 0 0 0 I-
1 0 0 0 TQ 1 0 5 0 • ‘ o'
N O ,  O F  V A L U E S
M E A N  V A L U E
S T A N D A R D  D E V N
4
5 3 8 . 1 6
2 0 4 . 6 2
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h o t  w a t e r  f l o w  r a t e s  < m l / s i = c > j
h i s t o g r a m
TO 0 0
0 TO 10- 0
10 TO .'20 0
20 TO 30 2
30 TO * 0 3
40 TO 50 2
50 TO 60 4
6 0 TO 7 0 16
70 TO 8 0 2 6
8 0 TO 9 0 0
9 0 TO 1 0 0 0
1 00 TO T1 0 0
11 0 TO . 1 20 0
1 2 0 TO 1 3 0 0
1 3 0 TO 1 4 0 0
1 4 0 TO 1 5 0  . 0
1 5 0 TO 1 6 0 ‘ 0
1 6 0 TO 1 7 0 0
1 7 0 TO 1 8 0 0
1 8 0 TO 1 9 0 0
1 9 0 TO 2 0 0 0
2 0 0 TO 0
NO,  OF VALUES 53
MEAN VALUE 6 4 . 5 ?
STANDARD DEVN 1 2 , 3 4
COLD WATER FLOW RATES ( M t / S E C )  •
h i s t o g r a m
■ TO 0 0
0 TO 1 0 0
1 0 TO 2 0 0
20 TO 3 0 0
3 0 TO 4 0 0
40 TO 30 0
50 TO 6 0 0
6 0 TO 7 0 0
7 0 TO <50 0
8 0 TO 9 0 1
9 0 TO' 1 00 - 1
1 0 0 TO 1 1 0  : 0
1 1 0 TO 1 2 0 0
1 2 0 TO 1 3 0 0
1 3 0 TO 1<+0 0
1 4 0 TO 1 30 1
1 5 0 TO 1 6 0 0
1 6 0 TO 1 7 0 0
1 7 0 TO 1 3 0 0
1 8 0 TO 1 9 0 1
1 9 0 TO 2 0 0 • , o
2 0 0 TO 0
NO.  Of v a l u e s  4
MEAN VALUE 1 2 8 . 7 0
^ . N D A R . L J ) E ^ „ . J l3^11 .
HISTOGRAM!
TO 0 0
0 TO ■ ' 5 16
5 TO 10 20
10 •TO 15 • 11
15 TO 20 5
20 TO 25 0
25 TO 30 ' 0
30 TO 35 1
35 TO 40 0
40 TO 45 ■ 0
45 TO 50 n
50 TO 3 5 0
55 TO 60 0
60 TO ‘ 65 0
65 TO 70 0
70 TO 75 0
75 TO 80 0
30 TO 85 0
85 TO 90 0
9 0 TO 9 5 0
9 5 TO • 1 0 0 0
1 0 0 TO 0
n o .  o f  v a l u e s  . 53
MEAN VALUE 3 . 4 9
STANDARD DEVN 5 , 4 1
COLD WATER FL0 W L ENGTHS ( S E C S )
h i s t o g r a m !
TO. 0 0
' 0 TO : 5 3
.... 5 TO 10 1
1 0 TO 15 0
15 TO 20 . 0
20 TO 25 0
25 TO . 30 0
: 30 TO 35 . .  o
35 TO 40 0
40 TO 45 ■■■ . 0
45 TO 50 0
50 i TO 5 5 ' 0
55 TO 6 0 , 0
60 TO 65 , 0
6 5 TO 70 0
70 TO : 75 . .0
75 TO 80 0
80  : to ; . as . 0
, 85 TO ; 90 , 0
9 0 TOl: 9 5 >v o
9 5 TO 1 0 0 0
1 00„ TO 0
N O ,  O F  V A L U E S  4
M E A N  V A L U E  " 1- - 4 . 2 5  * : ~ j \ . .
STANDARD DEVN JCL. 3 6 __ ______
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O C C .  t i m e  O F  m a t  ( S E C S )  :
HISTOGRAM:
TO 0 ‘ 0
0 TO s 3
5 TO ■7 ■ 1 0 15
10 TO 15 10
15 TO 20 3
20 TO 2 5 4
25 TO 30 0
30 TO 35 2
35 TO 40 , 1
40 TO 45 . 0
45 TO 50 0
50 TO 55 0
55 TO 60 0
60 TO 65 0
65 TO 70 0
70 TO 75 . 1
75 TO -  80 0
80 TO 85 0
85 TO VO 0
9 0 TO 95 0
95 TO 10 0 0
1 00 TO 0
NO. OF VALUES 39
MEAN VALUE 
STANDARD DEVN
1 4 . 5 5  
1 2 . 2 7
% FLOW PART’ op o c c .  t i m e <SHC
HISTOGRAMj
TO 0 0
0 TO 5 0
5 TO 10 0
10 TO v 15 0
15 TO 20 1
2 0 : TO 2 5 1
25 TO 30 • 0
30 TO 35 0
■•':'V''-35V . TO 40 1
40 TO 45 3
45 TO 50 1
50 TO 5 5 0
55 TO 60 1
60 TO 65 • 3
65 TQ 70 5
. " ■ ■ r , - ;  70 TO 75 3
75 TO 80 3
80 TO 85 11
85 TO 90  - "■,3-
9 0 TO 9 5 2
95 TO. 100 1
1 0 0 TO 0
n o .  o f  v a l u e s .  . 39
MEAN VALUE 7 0 . 6 7
STANDARD DEVN 1 8 . 9 5
N o. o f  boJrk* +  I
If
h o .  C o n p t d c--------------- <------ for *U  ^1
' y«UpAo-te tim e o f  n tu t
Tim*. of ne*<- = <*1*1
p  i*«l vol. ♦ tom. p.
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f ? P P £ T O / X  P \  ( z )  / . J $ T / A / £  o r  Z E C ' i C U t J O .  P R o d R f t f i l
d o c u m e n t : /■" RECYMOd?
PROGRAM(RcCY)  
INPUT 1=CR0  
OUTPUT 2 = LP 0
- . OUTPUT 4 = L P 2 • ‘    • --r - - :........ - — •
/ / , / L : : : /  COMP RE SS I N T EG E R AND LOOT C A L “ “ .  ^
t r a c e  o 
■ END ' - - -  --
 MASTER RECYMOD
C '^ lp ^ p ^ P T  H IS "PROGRAM; MODE LS TH E UA $ TE WATER RECYCLING RI G.  BOTH HEAT 
C AND WATER ARE RECYCLED. ALL WATER FROM BATH AND BASI N GOES TO
C THE WAST TAMK UNLESS COLD ER THAN .TH E PREliE AT WAT ER.  W A ST E
C TAMK IS S T R A T I F I E D .  DEMAND DATA IS READ IN E X P L I C I T L Y .
" C /V ^ /^ f/W A  S HTNG-TM A C H I N ET W AT E RT-AL SO GOES TO WAS T.E TAN K V : "
C
'LOG I CAL IMMON , IMMONZ , DAYEHD , RUN EN D
REAL MINWVOL, WAXWVOLfMKUPVOL#I NTERVAL, KSI NKOP, LAST I ME 
T E G E R^  DAY T Y P / B AD B AT H , B A D B A T H Z , R U N ^ rv ’-'7 V 
DIMENSION B A T M F 0 P ( 3  , 2 5 , 3 ) , BATHMTOP( 3 , 2 5 , 3 ) ,  BAS I NOP( 3 , 2 5 , 3 ) ,
'1 WCOP ( 3 , 5 0 ) , KS I N K 0 P ( 5  , 2 5 ) 3 )  , U M C 0 P ( 3 , 2 5 ,  3 )
_  DIMENSION NBF ( 3 )  ,/NBM ( 3 )  , N B A < 3 )  , NWC( 3 )  , NKS C3) , NWM ( 3 )  , 0 P ( 6 )  » 
/IT I T L E ( 3  0 )  , WST LA Y ( 2 0  , 2 )  . - -
COMMON CYLV, CYLT, PHVOL, PHTEM, HOTUSED 
' C 0 M M 0 fJ / BUS  T /  W S T V 0 L , M A X W V 0 L # N L A Y , WST LAY , 0 V E R F.L 0 , 0 F L 0 L 0 S S 
COMMON/COL/COLDT
C INPUT DATA 1
R E A D ( 1 , 1 0 ) C Y LV , T I MM IN , T I MM AX , T I MM INZ , T I MMAXZ , R I MM , U CY L,M I-N VI VO L , 
1 MAXWVOL, FLUSHV, PUMPR, PHVOL, PCOOLR, UPH, UWST 
F0 RMAT( 1 5 F 0 , 0 )  '
R E A D d , 1 5 ) C Y L I T E R , WS T I T E R , T A MB , C O L D T , R U N D , I N I T D A Y S
F-o R m a f _ '
I F ( 1 N I T D A Y S , GT , 0 ) GOT 0 25
rr:rr-  r ha D (1 , 2 0 )  WS TVOL , U S T.E M P i  P H T E M , CYLT,  CYl.T I  ~~
2 0  FORMAT ( 5 F 0 .  0 )  ■ ”  ""
WS TLAYd  , 1 )  = W S T V 0 L 7 -  .'
W S T L A Y (1 , 2 ) = W S T E M P 
2 3  CONTINUE
g PE d a t a
PI A 1/(1 i AO) T I 'I I l;
A 0 I OP HAT ( VIA/1 )
DU / o  V -1 , *
R E A D d  , 5 0 )  N ii A ( K ) / N W C ( K ) , NH F (K)  , N K S ( K )  , NWH(K)
304
^
■50 .FORMAT ( 5  1 0 )
N B M ( K)  = N B F ( K )
™ rRE AD ( 1 ) 6 0 )  .('(BA S I NO P < K # I):J ) 1 , 3 >Yl  =1 7  N fc'A ( K ) )
READC1 , 6 0 ) ( W C O P ( K , I ) , 1 = 1 , NWC(K) )
: "v  R F A D (1 ) 6 0  Y ( ( BATH FOp ( K , I , J ) , .I = 1 , 3 ) , I =1 , NB F ( K ) )
  RE A D (1 , 6  0 ) ( ( KSIN K0 P ( K, I , J ) ,Ei = 1 , 3 ) V I = 1 ,  N K S ( K) )
7YM:R B AD d , 6 0 )  ( ( WMCOP( K, T VJ ) * J = 1 )  3 )  , 1=1 , N U M ( K ) )
6 0  FORMAT( 1 0 OF 0 . 0 )
‘ " ■■ DO 6 5  I = T , N B F ( K) '
.6 5 B A T HMT 0 P ( K , I , 1 ) = 9 9  '
U M M Z M M  n 7 U . C S E S E 7 E EE 1E  E: V:' E ■
C~E OUTPUT DAT A- A S CHFCK . ="
WRI T S ( 2 , 7 5 ) ( T I T L E ( I ) , 1 = 1 , 3 0 )  E ~   ....................
|p l||§7  5 1 1 0  R M AT (:, :'7S I:'M'U;L'A:.T:r'0 ,^r^ 0'F7PA;T.’E.RIIRB C YC LI N 0 KIG 1 /  /  T X:, 3.0 A1 /  /  : 1 T ‘- - rY 
E ’ SYSTEM PARAMETERS ; ' / )
1  WR I f'E ( 2 , 7 6  ) C Y LV , UC Y L, UpH , UWST) RI  MM , T I MM IN , T I MM AX , T I M MI NI , TIMMAXZ
 7 6  FORMAT( '  CYLINDER VOL'  , F 8 . 1  , ' L T S ' / '  U FOR CYL' , F 8 . 4 , '  M J / D E G C / H ' /
1 ' U FOR PR Ell EAT ' , F 8 . 4  7 1 U F 0 R WASTE TANK'  , 7 3 . 4 /  '
2 '  IMMERSION RAT I N G ' , F6 . 1  , ' M J / H ' / '  IMMERSION SETTING M I N ' , F 6 . 1 ,  
3 ' MAX' , F 6 . 1 /  ' CONVENT I ONAL MI N'' j  F 6 1 1 1  V M A X • , F 6 . 1  )
WRI TE( 2 , 7 7 ) MINWVOL, MAXWVOL, PHVOL, PUMPR, BCOOLR 
;:77:)  FORMA T (;• W A S T E T  A N K V O L MIN.' , F 8 . 1  , ' • MAX ' , F 8 . 1 /  ' PR E H E A T VOL*
1 , F 8 . 1  /  ' PUMP RATING ' , F 8 .  5 ,  * M J / L T ' . / '  BATH COOL RATE'  , F 7 . 3  » ' MJ/ DEGC  
? / ' ! * )  " ' ' "v'-' ' :
 WRI T E ( 2 , 7 8 ) T A MB , C OL D T ' , C Y L I T E R , R U N D ,  I NI TDAYS
7 8  FORMAT( / '  RUN DATA: ' / '  AMB. TEMP' , F6 . 1 , / '  COLD WATER TEMF' , F6 . 1 /
1 '  CYL I T E R A T I O N ' , F 8 . 4 , '  H O U R S ' / '  RUN F O R ' , 1 4 , ’ D A Y S ' /
” 2 ' I N I T I A L I S E  F O R ' , 1 4 ,  ' DAYS' )
WRITE ( 2 , 7 9 )  ( ( J  , NBF ( J  ) ,  NBA( J ) , NWC ( J )  , NKS ( J ) , NWM(, I ) ) , J=1 , 3 )
::~~:'p::7 9 r FORMAT ( /  ' NO W  OPERATI ONS:  ' /  ' DAY TYPE ' ' BATH BASI N WC S ! N
1 K W /  M C ’ , 3 ( /  I 5 , 9  X , I 2 , 6 X , I 2 , 4 X , I 2 , 4 X , I 2 , 5 X , I 2 ) )
C E I N I T I A L I S E  SYSTEM
T :v S P = 0 . 0 0  41 3 
NLAY=1
M l  I F ( IN I TDAYS . EG . 0 ) GOTO i 85  1  
WSTVOL=(MINWVOL+MAXWVOL)/ 2  
W S T E M P = 3 0 . 0 
W S T l A Y d  , 1 )=WSTVOL 
WST LAY (1 , 2 ) =WST EM P " E E /,
P H T E M = 2 5 . 0 
EEV7 c  Y L T = T I MM A X' " ‘l .  7 1 1 :7 1 -  ’ ' E i; .'
CYLTZ=TIMMAXZ ,
8 5 7  N D A Y  =  0  r J
RUNEND='.  FALSE . ,
“7 ” ' IMMONsl F/ ALSE.  ............................... '
  IMMONZ=.  F A L S E . _ _  ' ^
WRITE ( 4 ,  8 5 0 1  ) .        . - ■
8 5 0 1  FORMAT ( ' TIME CYLT CYLTZ WSTVOL. TOPWSTVOL TOPWSTEMP NL
1 AY r PHTEM ‘ ENUSED ENUSEDZ' )
c _ ,___—  __    '___ ___  ___' •_ ..... .................
C J ~ “   START OF DAV '     :  .................     "E"” ™
"2 9 0  I F ( I N I T D A Y S . L T . O ) G O T O  1 0 0
2  _ ]  B  AD B  A TH Z =  0 "  ' ' ' - E ’
   F L u S HE N = 0 . 0 ’ ' .... ....... ..................  ! :
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1 ~.....~.... F LUS HS AV = 0 . 0  "   :   7....  ............ _  ' __ . :
C Y L 0 S S Z = 0 . 0  £  7_1~_ £  ~ '  ~~   _ ” '
~.......................... ..WS T L QS S = 0 . 0  £ 7 3 ............ — ~   •- .......  - ............................-..... - ......   ■
  0 F L0 L0 s S = 0 .  0 " “‘ ££" " 7          '' ................................
  ..... ............... W LOS S Z = Q . 0    ..... .. ... ~ ~ ........  "'7.... ~"T..........  7 :      _
~.........£ ~"~.........H 0 T U S E D Z = 0 . 0 7 : ....................... -  -.......  - - - - - ...... . . . ...............
7 7 3 7 ™ '     C 0 L U S E D Z = 0 . 0  ~ ~ .£    7   .'7" ?  ~  : r  ■......
WWAS7 = 0 .0  '£ " "  ~....— — — -    ...........
CH(f AT .     ^    ........
7 3   ................t  o't mku p = o . o "7 7 "; "7 ' 3 Z Z Z  ..............  - - - - - - ..-.......... - - ...............
 ENUSEDZ = 0 . 0....................... .. 1   ' ~ .... ......... ....  -........
 C  : RECORD J  N I T I A I _C O ND/I Tj: ON S _    _ ■______ ____
__________  WSVOLI N = WSTVOL 7  ! _ ' 7 ............. ..............
l T l / : / : : C :/ :/ DO 9 5  ' 1=1 , 'NLAY ' '  ‘ '
 _____ 9 5  WSTEN I N = WSTEN I N + SP*UST LAY ( I >1 ) * ( WST LAY ( I > 2 j  -  CO LDT )
  P H E H I N = p  H VOL * S P * ( PH T EM IN -CO LOT ) " Z Z Z Z Z 3 Z Z
c y l t i n z = c y l t z  ” .........  ’ ......... ..... 7  ~
Y LE N IN =C Y ' l W s W i C ' YiTl-'N'-To'LOT.
CYLENI NZ=CYLV* SP* ( CYLTI NZ- COLDT)
: l : 7 7 Y ; i ::97^ ' INI  TD AYS= IN I T DAYS-r’1 -7 7 T  T /v./T  r ^7;:TT~ T :7 - 7  "77 , ‘ : .': 1:
1 0 0  T I ME = 0 . 0  .
/ / DAY END = . F A'L S
__________ ___N D A Y = N D A Y +1 _ _ • ____ _ _______ ____ _ __________
WR I TE ( 3  , 1 0 0 1  ) NDAY     - . .......... ...............
r~ ' “  W R I-T E ( 4  , 1 0 0
1 0 0 1  FORMAT( ’ DAY 1 , 1 3 )
, ‘7 7 /  7 1 0 I F ( ND.  LE * 7 )  GOTO El 1 1 7  . Y ' .Y l l l^ V Y E li lY /Y : - /7 : l l 7 7 7 . :\ 7 ' 7 ;................
__________ Nd = ND- 7  _  __ _  __________________ _________ _
   1 £ 5  I F ( N D . GT . 5 ) GOTO 1 2 0 — ~           -
GOT 0 1 3 0    .................. .......... 77      - .- - - ........
7" 1 2  0 1 F ( N D . E Q . 7YG O T 0/71 2 5 7  7" ” ' 7 :  :1 1 1 7 1 7 7 ilM i:_
^________ ; d a y t y p =2________________________________ . 3 _______________  :_j __ 7 . .^......................
__1  1 2 5 D A YT YP = 3 ~ .......... ...y   ....... ' '   - .... ...................
 ___ kbm = o  ______
"  '"7 7 7  k u c =0 7 ’    - - - 7  -   ... ... ........ ................... ........................
  K WM = 0   ......... .............. :      ■   ;        ............... .............................................
1  : 7 / 1 ^ 7 ° p c  ^  ^= B A T H F O P ( D A Y T Y P , 1 ,1  ) “ "“ ^ 7 “  " '7“ ^ ? p l 7 ' ;' ' 7 :
O P ( 2 ) = 9 9
7 3 0 6
7 Z T ;/ ; /O p  <3)- = BAS 1 NOP( DAYTYP, '1 , 1 7  
0 P ( 4 )  = W C O.P ( D A Y T Y P , 1 ) 
Y lT Y ll'O  p'< 5 )  = K S I N KO p D  A Y TY P , 1 7 1  > 
" £ O P (6 ) = WI ICOP ( DAYTYP , 1 , 1 )
V  DO 1 4 9  J = 1 , 6
I F ( O P ( J ) . G T . 0 . 0 ) G 0 T 0 1 4 0  
----- :- - 0 p ( J ) = 9 O  
1 4 0  CONTI NIJE ■________
C   ......... ' .......... ...... ....:.............. .......... :..... .
 ^ 7 1.5 o L a s t  i m e == t  i m e 7 :: " ' ””
C ANY MORE O P S . TODAY?
7y 7i y 7 d o T 6 0 ' j = 1.76 ' -
I F ( 6 P ( J ) . G T . 2 4 . 0 )  G 0 T 0 1 6 0
G O T 0 0  7 0'' - J77  l l / T l l -  :7/;Y7Y  
160 CONTINUE ’ • 7“"
^ ip D A Y E  ND=7T7UE:i^7 r 7 ^ ) ~ ^  7 1 1
IF ( N DAY . E Q . RUND) RU.NEN D = . T R U E_.
GOTO 1 9 0
C ....."""■ F I N D N E X T OPERAT ION
7 0  T m i n  = o P (1: 
m = 1
" ' 1 7 7 ) 0  1 8 0  J = 2 , 6  ■ 7
I F ( 0 P ( J ) . G E . TMI N) GOTO; 1 8 0  
TO IN = 0 P ( J ) '
M = J 1
1 5  0 CONTINUE " ” 7 7"
_ ■  __ T 1 0 E = 0 P ( 0  )
7 7  19  0 I N T E R V A L = f I M E - L A STIME'  '
C H E A T R E CO VERY U N IT
C
I F ( 0 STV0 L . G E , 111 NWV0 L) G0 T0 2 0 5  
- - - - - - - -  mKu PVOL = OI Nl-JVOL-WSTVOL ' 7 ' I ' ’ ' v v ."7 "'"7T::' ' ; 1 ~ f
NLAY=NLAY+1
- ' 7  W o T L AY ( N LAY *1 ) = M KUPVO L “ ” ' "
WSTl AY( NLAY, 2 ) =COLDT
-- w s t v o L = u s f v o L 7 m k u p v o l  ‘ 7 :''" 7. : .'
Wr i t e ( 3 , 2 0 0 5 ) MKUPVOL, TI ME, WSTVOL 
1 2 0 0 5  FORMAT( 1 MAKE-UP VOLUME1 , F 6 . 1  , 1 AT 1 , F 6 . 2 7 1 -WASTE VOL*7 F 6 . 1 )
  . CALL RE LAYER     '
::‘ . T 0 T11KIJ P = T0 TM KU P + M K U P V 0 L 7  - --- -  - - - - -
2 0 5  CONTINUE '7 7 J  ” _____  £  7
7  e l a p s e = o .  ...........7'”........  "....................  ■.......  : .......
1 2 1 0  I F(  ( I  N T E R V A I  -  ELAPSE) . G E . W S T H E  R) G O.T C l 2  2 O' '•
P E R I 0 D = I N T E R V A L - ELAPSE 7 T  _ ' Z ~ ' 7 7 3  * ......
2 2 0 P E R10  D =' IS TITER
■ 2 2 5 E L A PS E = E L A P S E + P E R I 0 D ' “  ‘ " 7
c  _ ■ ■ ■ ■ ■ ■ _ _ ■  ‘ • • ’
C " HEAT LOSS ...............................................................  7~..............................................................
" PH LOS 3 = PHLOS S + UPH* PER I OD*( PHTEM- TAMB)  -
  _P H T E M = P H TE M-  ( U P H *P E R I 0 D *_( P H T EM- T A M B ) ) /  (~S P* P H VOL)
F R A C U = WS T L AY < 1 , 1 )  /  MAX WV0 L  ~  ‘
1 7 ^ 7 3 7 7 7 7 7 7 7 1 'T W s  S' '^w S T LOS S + UWST * F R A C U * P E R I 0 D * ( W ST LAY( 14  2 ) - T  A M B y: - 7 '
2 3 0  WST LAY ( I , ? ) = WS T L A Y (  I , 2 ) -  ( UWST* F R ACU*PE R I OD* < WST I.AY < I , 2 > - T A MB )  ) /  
| i ^ f p 3 7 M ? ” 1v( SP*WST LA Y ( 1 , 1 ) )
  CALL RELAYER _ ____^
” :...  C ..... HEAT TRANSFER ............... :................    : " ..............................................
- -  -  - 1 r ( pHTE11. G E , WST L AY ( N L AY # 2 )  ) 0 0 T0 2 4 0 '  ‘ "  ^ . - ^
TI 1I X=( WSTLAY( NLAY, 1  ) * WSTLAY( NLAY / 2 ) +PHVOL*PHTEM) /  \
7-  ' 1 ( PHV0 L+WSTLAY( NLAY, 1  >') .... ' ~
P H T Ei1 = T[l I X
::: 7;W ST LAY ( N LAY/ 2 ) =TM I X' r77"':- :'rT' :• ;^ 7 - 7 7 7 7 7  3;7  3^7-4:77777'::W -  • “'r:“ ' ...... :
 2 4 0 _  I F ( ELAPSE . LT.  I NTERVAL) GOT0 21 0__________    ~_~___ ‘
' c  ' '  ..............        ” ...    t ............. :...■
‘ r o u t i n e  T or HOT WATER 'CY Ll NDERSVASSUHl ?\ l ’G/rNO.r STRATI  FI CAT! ON
 .  c . _ _ ■_ .     _■ ■ ■ i_L      '
' 3 1 0  I F ( ( I N T E R V A L- EI APSE ) . G E . C Y11 T E R) G O TO 3 2 6 ~  7 ~
7:.: r/ 3:3317:V/37; P E R I 0 0  = j  NT E R V A L E L A PS E 333171343^7~4'7777 ;3 4  "  '
  GOTO 3 3 0  __
I ~ " :7  _ 3 2 0 P E R I 0 D = C Y LI T E R
3 3 0  E l APSE=ELAPSE+PERI OD ' ,
i f P l l i ^ i l T ^ T F  ( C Y 7, , . , .
7 CY LOSS = CY LOSS + UCY L * P E R I O D * ( CY LT- TAMB) 7
C Y L T = C Y L T - ( U CY L * P E R I OD * ( C Y L T - T A U B ) ) / ( S P* CYLV)
 I F ( . N O T . I M M 0 N ) G 0 T 0  3 5 0
I' ;: >•- : . 7 : 7 737'C Y LT - CYLT + P E R I 0 D * R I M M /  ( S P * C Y L V > " "  “  r. ;
/  ENUSED = ENUSED + R I MM*PER I 0 0  '
I F ( C Y L T . G E . TIMMAX) JMMON=i FALSE.
c . . " ;;..~ ............  ’
.. C " CONVENTIONAL" SYSTEM
3 5 0  I F ( C Y L T Z . L T . T I MMI N Z ) I MMO N Z = . T R U E .
3 4  r. 4  4 l4 k 734 7 f^ Y L0 S S Z = C Y L0 S S Z* UC Y L* PE RIO D* (CYLTZ-TAMB )
CYL T Z = CYLTZ- ( UCYL* P ERI OD* ( CYLTZ- TAMB) ) / ( S P* CYLV)
1 I r ( . N 0 T . I i ] M ON Z) GO TO 39  0 f
C Y L T Z = C Y L T Z + P E R I'O D * R I M M /  ( S P * C Y L V )
NUSE D Z = ENUSEDZ+R I Mil * P E R I 0 D 7
  I F ( CYLT Z . GE . T I M i lAXZ) I M M 0 N Z = . FALSE.
: " 3 9 0 '  I T ( E L A P S E . L T . I  NTERVAL)GOTO 3 1 0 ....... :
WO=WSTVOL
WOV = WSTLAY(NLAY / 1 )
W 0 T = W S T I. A Y '( N L A Y » 2 ) •
: 3 V  ' ' r WRITE(  4 / 3 9  01 ) T 1 11E / CYLT, CYLT Z / WO/ WOV4 WOT, HLAY , PHTEM,  E\' U S E 0 , E N U S E' D Z
39  01 FORM AT( 1 H / F5 . 2 / 2 F 7 . 1 , 3X / 2 F9 . 1  , 6 X / F5 . 1  / 4 X / I 2 / 4 X / F3 . 1 / 1 X / 2 F 9 . 2  )
 '■ - c ” —   _ _ _ _ _
;;7 ;c “: 7 ;' • s t o p  h f r e  i f  l n d  o f  d a y  o r  r u n  ~ '
I F ( RUNEND) GOTO 9 0 0  , ‘ .
7:^ 7 7 : 7 '- ;7:-::77'I'F'( DA YE N D ) G OTO 0 0 : ; ' 7'::" '' " 7:”:  ,,,:M :7 ' ■ 7  ::: ........
 ____________ __G OTO ( 4 0 0 / 5 0 0  / 5 _50# 6 0 0 / 6  5 0 /  7 0  0 )  , M v '.............................. ............ ..............
     C      = -= -= -■ :
r "  C ' ' " , BATHFILL OPERATION : : , . ........................................................................  . . . . . . . . . .
c ' : : . ..............
V-- • • 7^00 KHF-XHF + 1 ; . • ....•. * 7~: ~ 77"*" T"* """7: '     ^ ^
y   ...............  I F ( KB F . EQ . NBF ( DAYTYP)  ) GOTO 41 0 _......................      '
  ' 0 p ( T ) = B ATH F0 p ’( DAYT YP / KB F+:..T./1  ) ' ]
 .______  got o  4 2 0  ________'■ y “ - ’ y y ’     .......  ....................... ..........
4 2 0  B A T H V = B A T H F 0 P ( D A YT Y p / K B F / 2 )   ..............
BA T IIT = B A T H POP (~D A YT Y P , K B F,  3 T
1 3 v 4 ' - ::r rF ( BATH T . L E .  CYLT) GOTO 4 3 0  : " ‘
. BATHT=CYLT _
t - ' "  ' B A OB A T H = B A D BAT H + 1 '
4 3 0  HOTV^ ( (BATHT- COLDT)  *B A T HV) /  ( C Y L T-CO L D T ) , ’
M - - 7 I 4 r I F ( H0 7  V . L E . C Y LV ) G0 T0 4 4 0  
BADBATH=BADBATH+1  
|p 7 7 ip H O T V  = CYLV ' ' '
 BATHVs < ( C Y L T - C OL B T) * CYL V) / ( B AT HT- COLD T)
3 : - 4 4 0  r c OLD V = BATHV - HOTV /:  •  ^ ■
C 0 L D U S E D = C 0 L D U S E D + C 0 L, D V 
■ •; : r w R I T E ( 3 ,  4 4 01 ) K B F , T 111E , B A T H V ,'B A T H T -
4 4 0 1  FORMAT ( 1 B A T H ' , 1 3 , *  FULL A T ' , F 6 . 2 ,  ' V O L ' / F ^ . O , ' TEMP'  , F 5 . 1  )
1 / 7 4 4  v 'X A L L ; MKUPC Y L (HOTV )  ^ 77 i 1 -  7 7 7 h- ^ ^ 777 v“ 4 •
C ’
;C CONVENTI ONAL-SYSTEM " I " 7T\77£;4444::::^  1 4 .;k 7 .....
4 6 0  IF (BAT HT.  L t .  CYLTZ) GOTO 4 7 0  ” ....~  .........
8 A T ri T = C Y L T Z :  " ' 4  ^ 44  4 7 ' - , - 4 rV:>  4' 7 ^ '
BADBAT HZ = BADBATHZ + 1..........................................................................................................
r470¥HCfTV = ( (  B ATHT- C 0 LDT)~*B ATHV ) 7  FCYLT;Z^CO t D T ^ l
y  y  I F (HOTV . L E . CY LV)GOTO '480    __
 BADBATHZ = BADBATHZ + T 4  44'  '44"-k7r.:4.'..;’:"! : 4:
H 0 T V = C Y L V
“:y :r  b a t h v =  ( ( c Y l t z - c o l d t ) *:c Y l  v ) /  ( b a t h t - c o l o t )  j
430 C0L P V = B A T H V - H 0 T V  1
44'7rj H () T U S E D Z = H 0 T U S E D Z + HOTV " 7 - ~
C 0 LUS E D Z = C0 LUS E DZ + C0 L DV 
: CYLTZ=( ( CY LV-H 0 T V > * C Y LTZ + H0 TV* C0 LDT) 7 CYLV
C
C£:i^; ; : 7 ' SET U P EMPTYING PARA M E T E R 5 ~ 
BATHMTOP( DAYTYP,  KRF, 2 ) = BATHV
77333173kB LEN= B A TH V* 0 7'57 11 O’:7T k:7^T :'^  :vv r;::M 
BATH MT OP ( DAYTYP , KBF , 1 ) =  TIME + B L E N
' BATH MTO P ( D A Y T Y P4 KBF , 3  ) = B A T H T -  B C 0 0 L R * B L E N *.( BA T M T -  T AM B ) /  ( S P * B AT H V ) 
0 P ( 2 )  = R A T H M T 0 P ( D A Y T Y P , K B F , 1 )
' '  B A T H L 0 S S -  B A T H L 0 S S + B C 0 0 L R * B L E N * (BA T H T’-  T A1-1B ) ' r ......
GOTO 8 0 0  . _ ■ _ _____
c     ■          :......... : ; ............
C" BATH E M P T Y 0 P E R A11 0 N ' ” ' -
c .    r 'v4'“-
5 0 0  ' KBM = KBM + 1
I f ( KBM. EQ. NBM( DAYTYP) ) GOJ O 5 1 0
v“ 3 v 4 o p ( 2 4 = 9 6  4 : ; 4 4 ^ Y r r ; ; ; 4 ^ :  ^ ; . : k k ' “ i  k 4
 GOTO 5 1 5
5 1 5  3ATHV = BATHMT0P (DAYTYP,  KBM, ?> "4 " ..............
k 4  -  k B A T H T -• B A T H f4 T 0 P ( t) A Y T Y P , K B M , 3 ) “”4  " ”
I F (BATHT - PHTEM)  0 , 0 ,  51 8 "  " '..............  ........... ...................................
' W L 0 5 S = V7 L 0 S S + B A T H V * S P * ( B A T H T -  C 0 L D T )
W U A S T = W U A S T + B A T H V
P H H G '.o T^0 4 5 ' 2  ~- "■ ' '■ : '
5 1 8  CALL MKUPIJASTXBATHT,  BATHV)  
k ;5 2 0 7 C 0 N YI N U E k : " :7 ^  - "“J— -  -
WLOSS Z = U L 0 SB Z + S P * BA T H V * ( B A T H T- C 0 L D T ) ,
7 • 7'7"7' W U A S T Z = U W A S T Z + B A T i IV T • 4  " ~ “
............... ViR I TE ( 3  , 5 2 0 1  ) KBM , TIME , WSTVOL , WSTEMP
5 2 0 3 :7 0 Rf 1AT ( 1 4 BATH4 4  I 3 > 7 4  EMPTY A T 14 E6 4 2rr ' W A S T E 0 1714 F6 . 1 ,  * TEMP 
1 ’ , F 5 . 1 )  '................ *...........
1309:
 : T ••    7    y  ~  ............ ......... ..... ...:    ; ;.................. ........ ...............
7 T T  C_  BASI N OPERATION ( F I L L ' S  EMPTY) -
5 5 0  K B A = K B A +1
447Z7'777k: 7 ~ I F c KB A . EG . NB A C DAYTYP)  ) GOTO 5 6 0 '^ 4 4  7  -k  .'4.7-"': 77 4 ? ; k 4 4 4 4 ;" 4 v :-: 4 ” -4
O P ( 3 ) = B A S I N O P ( P A Y T Y P , K B A + 1 , 1 )
4 4 4 - 4 : i ; 4 .4 '" ' : got o  5 6 5 "'t 4 ~ k 4 " 4 4 4 " rr;'" 4 4 4 : 4 4 ^  :-447' 7 4
5 6 0  O P ( 3 ) = 9 9 9  ' ’  1
llk f  777k.77-5 6:54 B A S V = B A S I N O P (DAY T Y P 7  K B'AV 2 y 77:7% 4 7 -  r 7 :4 4 4 4 4 4 ;4 4 4 '4 4 4 4 4 k 4  :':7:7:4" ........ •
B A S T = B A S I N Q P ( D A Y T Y P , KB A , 3 )  ' 7    :
|K7:.:~77r7.7777-777:*'F'( D A S T VL E . C 0 L DT ) B A S T = C 0 L DT 7 '7 ^ .4 ^ .4 7 4 '7 7 4 k 4  ' ' v ". ’
c . . ~    k....................
COLDV=BASV- HOTV 4 ...........       - ...-... - ........
g -^ 7 7 7 J % 4 4 7 4  C 0 L D U S E D = C 0 L DIJ S E D + COL D V 'r' ': • ^7k7-7k7‘7 7 ™ 7 4  ^ 7-7f444r' 7 4 4 4 :4 4 T' ;.7'  '7 -'.
 ____  ______ I F ( H O T V . G T . 0 . 0 ) C A L L  MKUPj^Y L ( HOTV) • 7 :   7 7 i  7 J 7  ..
  ~ C ~   S T R A IGHT TO WAS T E 7~ " .......... ' ...........  :...... '.....................  ;........ ........... ....................
l l , ; ; 4 k : 4 4 4 ^ 7 1 I 'F (  BAST -  PH T E M) 0 , 0 , 5  6 8  4  >vr. : 7 4 7 4 k ^ ^ 4 4 k : 4 ' : 7477-7777 4444:' "••"'747' ' 4 477":
WLOSS=WLOSS+BASV* SP* ( BAST- COLDT)  ’ ..........
74 7 .4 0 3 7 7 7  4'W WA ST = W W A ST + B AS V ' ' 7 / : "  4 V '-V . ‘ ' ' ' -
GOTO 5 7 0
4 4 "  ' - 5 6 8  CALL MKUPUAST( BAST , BAS V)  ' * 7  _ ” "
c . 4  . . .     : ’ ......................
c o  NY ENT I 0 NAL SYSTEM M f W i  44P4 7 v;: 4
 5 7 0  HOTV=( ( B A S T - C O L D T ) * B A S V ) /  ( C Y LT Z-C O L DT )
14 7 : ’4:14; ; c o l ! )V=b a s v - hot v  ' '
H O T U S E D Z = H O T U S E D Z + H 0 T V 
' COLU5EDZ = COLUSEDZ + COLDV " '
_._______ ■_ CYLTZ=(  ( CYLV- HOTV) *CYLTZ + HOTV*COLDT)y. CYLy _  4
74k 74 7; ; 777 rW LOSS Z = UL OSS Z + S R* BAS V* (  BAST- COLDT)  - - - - - -  7" '
w w a s t z = u w a $ t z + b a s v  ; ’ ’ .............
■ w R I T E ( 3 , 5 6 5 1  ) KB A,  TIME " 4 -  7 ;7 '7 ,7"747 ....4444774-7'y7-.7'.' 7 ' 4 :
 5 6 5 1  FORMATC B A S I N ' ,  1 3 , '  USED A T ’ , F 6 . 2 ) : ....~ ~ ........ ............ .......
7 7 "   C   '   ............. ' " ' . .......... ■
C _ WC FLUSH OPERATION . 7    :......
_"  6 0 0  K W C = K W C + 1 " 7 "  7  ...
F ( KWC . EO . NUC ( DAYTYP)  ) GOTO 6 I 0 ~
‘ 0 P ( 4 ) = WC OP ( DA YT Y P ,  KWC + 1 ..................................      ’
' 61 0 OP ( 4 )  = 9 9 9  '  ' ™ .... .... ....... ....
- " 4 6 1 5 ’ W S T V O L = W S T V O L-  F 140 S H V ' ^  7 7 ;'7 ^ r7 4 ~ ^ ^  :
c ■ " .................    ■......            -
R EQV=FLUSH V" “I'7:' ;:r"7; •' 7 ' '  '■: 7 ‘ ; :
DO 6 1 6  1 = 1 , 2 0
I F ( R E Q V . L T . W S T L A Y ( I , 1 ) ) GOT O 6 1 7  ~ - =
  _ _  REOV=REQV- WSTLAY( I , 1 )  
4 4  ' : " F L U S H E N = F L U S H E N + S P * W S T L A Y ( I , 1 ) ★ ( W S T LAY ( I , 2 ) -  C O L D T )
7 6 1 6  WS T L A Y ( I , 1 ) = 0 .
k 1447; 6 T 7  7W S T L A Y ( 1 , 1 )  = WST LAY ( I , 1 ) -R EQV
 ^   F L U S H E N = F L U S H E N + S P * R E Q V *_( W S T L A Y ( I , 2 ) -  OO L D T )
N LAY = i1 LAY- N ..........................  .....
. 7 ; 4 .7 4 7  4 1 4  j  f  (1 - 1') 6 1 9  , 6 1 9 '  k'O • 4 : 7 ':777 ’":::4 4 77..  ^7  ^ -k 4 ^ ';4 4 4 4 4 4 :kkk-k:'7k;T ~7..............7
DO 6 1 8  J=1 , N L A Y
= in :W S T  LAY( j : , 1 )  =Ws t l a y 'c J + N r i y i  
6 1 8  WST LAY( J , 2 ) = W S T L A Y ( J + N , 2 )
 6 1 9  PIJ M P E N G = P U M PEN G + P U M P R * F L U S H V  7
4"7 " F L USE D = F L USED* F LUS H V " 7 - ' r"
F L U S H S A V = F L U S H S A V + F L U S H V
'744444W R I T.E ( 3 , 6  2 0 )  KIJC ,.TTM E 47 4:744477 7. 4 ;7 
6 2 0  FORMAT (' WC', 1 3 ,  ' FLUSHED A T ' , F 6 . 2 )
GOTO 3 0 0
C _____ . _____ ______
C ' K I T C H E N S  IN K 7 0  P E RrA T I 0 N  ^ 7 7
6 5 0  KK S = K K S +1  - ~~ ~ ~  7 ...........   '.7 '
4 4 ^ 4 '  I T ( KKS . EQ4NKS ( DAYTYP) ) GOTO 6 6 0
_ ________0 P ( 5 )  = K S I N K 0 P ( D A Y T Y P , KKS + 1 , 1 )
6 6 0  0 P ( 5 4 = 9 9 9  .......~ : 4 k  ..
NKV = KST N K 0 P ( DAY TYP,  KKS', 2 )  ~  “  
4 ' ‘ SI  NKT = KSINKOP ( DAYTYP,  KKS,, 3 )  "
mOTV = ( ( S I NKT- C0 LDT) * S,I NKV)7 ( CYLT- COLDT)
C 0 L D V = S I N K V -  H 0 T V : ’................ " 4 ...............
COLDUSE D = C 0 LDUS E D'+ C 0 L D V " 7
I F ( H O T V . G T . 0 . 0 ) CALL MKJJPC Y L ( HOTV >
WLOSS = ULOSS + SP * S I NKV*: ( SI NKT- C0LDT)  " "
WIJ A S T = W W A S T + S I N K V '
C  CONVENTIONAL SYSTEM
. V y ;HOTV=( ( S I N K T - C O L D T ) * S I NKV) / ( CYLT2 — COLDT) " 
   COLDV=SINKV- HOTV
Z y y y  4; H 0 T U S EDZ = H 0 T U S E D Z + H 0 TV ' ' “ 4  •
COLUSEDZ=COLUSFDZ+COLDV 
i e i f l p 4 C  Y L TZ = ( C C Y LV -  H 0 TV ) *  CYLTZ + HO TV* C0 LDT> / CYLV 
WL OS S Z= ULOS S Z+ S P * S I NKV* ( S I NKT- COLDT) 
M r4144'WWASTZ = UWASTZ + SINKV 7 : T774744 ' ''
W R I T E ( 3 , 6 6 51 ) K K S , T I M E 
6 6 5 1  PORiiAT ( 1 S I NK'.,  I 3 , ' USED AT' # F 6 . 2 >
GOTO 8 0 0
C ' "  '  ~* " 4  .  7
C _
C~ ; w A s H j N (i M A CHT NEOP E RAT I ON ' “
C . ' . '   7 •.:......■..."7 ~..........."......
. : 7 0 0 '  Kon = KWM + 1 " ' '
I F( KWM. EQ. NWM( DAYTYP) ) GOTO 7 1 0  
Op ( 6 ) “ WMC0.P ( DAYTYP , KWM + 1 i  1 ) ' "'
■Got o  7 1 5
:Z 4 7 1 0 7 O p ( 6 > : = 9 9 9 .......—  f -  ■' • V 7 7 7 Z 4 ;4 p 7 7 7 fk ;
71 5- WflCV = WMCOP (DAYTYP,  KUM, 2)
4 4 4 4 4 7  W M C T = W M C 0 P C D A Y T Y P # K W M , 3 )
I F( UMCT.  LE. CYLT) GOTO 7 1 0  .................. .
1 1 4 4 4  ;47H 0 T V = 0 M C V - - - - -  - ---- - - ." —---_
WMC H E A T = WMCHEAT+SP*W M C V* ( UMCT- CYLT)  J  "”
7 1 9  HOTV=( ( WMCT- COLDT) * WMCV) / ( CYLT- COLDT)
4  C 0 L i) V = WM C V-  H 0 T V “ '
_COLDUSED=COLDUSED+COLDV_ 77 7.7
4 4 7 2 0 '; C a l l  m k u p c y l ( h o t v ) :
I F ( WM C T-  P H T E M) 0 , 0 , 7 2  2 '   " ’4""
W L Q S:S = W LOS S * S P * W M C V *. ( W M C T -  L D T y4717s7i4g^ i7 ' 
WWAST=WWAST+WMCV
311
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m:
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 ::r : g o t o  ^^ - F ;  : T'' ;;7  • i • F - F ^ F ' F F 7 :  F ' F - F F
_ 7 2 ?  CALL MKUPWAST (WMCT,  W M C V )  _
""" C 7.................CONVENTIONAL SYSTEM
F F F 1 F 7 2 ' 3 7 7I F (UMCT . LE . CYLTZ)  GOTO 7 2 5  ~ "  *
H 0 T V = 'I M C V
WriCHE ATZ = !4MCHEATZ + SP*0MCV* (WMCT-CYLTZ)  "
GOTO 7 3 0  , ....
'm il? :  25  : H 0 T V = ( ( WM C T ~ C 0 LD T ) *  WM C V ) /  ( C Y LIZ ~ C 0 L D T ) 1 ”
C 0 L D V = W M C V -  H 0 T V 
F  :• -  77,.J':. : , C 0 L USED Z = C 0 L U S E D Z + C Q L D V
. 7 3 0  C Y L T Z = ( ( C Y L V -  H 0 T V) * C Y L T Z + H 0 T V * C 0 L D T ) /  CY LV ......
w L o s s z = w l o s s z + s p * wM"cv* c u M e T - c o l DT) F 7
rtOTUSEDZ=HQTUSEDZ+HOTV 7
U A S:T:z:  ^WW A S T:zWwTTC‘V ^ P l i l ^ ^ ^ p i E l i p ^ ^ ^ E ^ ^ p E E l = l ! i p
WR I T E ( 3 , 7 3 0 1  ) KWM, TI HE   .......... ............ ............... .. ......... .. ..
• ^ F F F 3 0 I F f or m a t 'O '• w/ m'c . v >1 3 v '7 u s ed  a t 1 , f 6 . 2 )  ~
C , ;
' nM a M M  eo u sM p e;r a "I
CHECK FOR ANY "SIMULTANEOUS OPERATIONS ~ "
8 0 0  DO 3 1 0  J =1 , 6  ' . ...............
_ x p ( O P ( J ) . G T . T I M E ) G 0 T O 8 1 0  ~ -------------------
GOTO( 4 0 0 , 5 0 0 , 5  5 0 , 6 0 0 , 6 5 0 , 7 0 0 )  , J 
: 8 ro; “ CONTINUE ' - - -
  W 0 V = W S T L A Y ( N L A Y , 1 )
^ C “'-'WOT = WS TLAY( NLAY, 2 )  _ _ _  - ..
WRITE ( 4 , 3 9 0 1  ) TI ME,  CYLT,  CYLTZ,  WSTVOL,  WOV, WOT , N LAV',PHTEM
GOTO 1 5 9
OUTPUT SECTION*
CALCULATE RESIDUAL WATER & HEAT STORED 
7 9 0 0 .'  W S V E X S=W ST VO L-W S VO L IN 
DO 9 02  1 = 1 , N LAY
I T . 7 7  ; r 9 02:  WSTENR E = WSTENRE + SP*WST LAY ( I , 1 ) * ( WST LAY < I , 2 ) - C0 L DT)
‘ • ■■ WSENEXS = WST ENRE-WSTENIN .r:. .
P! I E N R E = P H V 0 L * S P * ( PHTEM- COLDT) 7~~ '
■PHENE'XS = PHENRE- PHENI N .... ......................... ...........
7 ‘ “ •-'•CYLEri R E = C Y L V *S P * ( C Y LT
■ CYLENEXS = CYLEiJRE~CY LENIN - ■ .....
‘ : ' C Y L E N R E Z = C Y L V * S P * ( CY L T Z ~ C 0 L D T >X: :;' : •
C Y L E N X S Z = C Y L E N R E Z -  C Y L E N I N Z ~   J ............... 7'""  '"
C OUTPUT RESULTS
r ■ ; - ; r7' T _ r - 7 'u r i t e ( 2 , 9 i o ) ■ ■ ..............................  • - -
9 1 0  FOr M A T I / / '  R E S U L T S : ' / / '  ENERGY BALANCE SHEET ( M .1) ' / 5 X ,  
“f  "'"1 1 1 X , ' RECYLE ' CONVENTIONAL' )
W RIT E ( 2 , 9 1 1 ) E N U S E D, E N U S E D Z , W M C H EAT,W M CHEAT Z 
FORMAT ( ' IMMERSION I NPUT • , 4 X ,  2 <E7Y1 , 7 X ) /  f 7 W /  M C I N p U T 1 , 
1 2 C F 7 . 1  , 7 X ) )  ............................................................................      " T
7 ' TOTeng = e n u s e d W i i c h e a t  ' • "
TOTENGZ = ENUSEDZ + WMCHEATZ ............... ..............  .. ......................
' 7  7"” " WR ITE ( 2  , 9 1  2)TOTENG , TOTENGZ '• 7 " • ' - 'T'"- ' •
9 1 2  F ORI1 AT ( ' TOTAL I NPUT'  , S X , 2 ( F 7 . 1  , 7 X ) ) "
» ITEM* ,
9 X , : Y '
R I T E ( 2  / 9 2 0  ) C V L 0 S S , CYLOSSZ /PH LOSS/ WST LOSS/ BATH L OS S , BATH LOSS,
1 WLOSS/ WLOSSZ»FLUSHEN/ OFLOLOSS  
^ ™ p l ^ 2 0 - F O R r i A T ; < / '7  C Y L I ND E R L OS  S E S 7 7 4 X ^ ?  ( F7 . 1 , ? X > / '  PREHEAT LOSSES'  , 5  X,
1 F 7 . 1 /  ' HASTE TANK LOSSES'  / 2 X / F 7 . 1 /  1 BATH L 0 S S E S ' / 8 X /  
i - 7 - 7 ^ ^ 7 7 2 2  OF7 .1  / 7 X ) /  ' .LOST TO WASTE' , 6 X / 2 < F 7 . 1 , 7 X )  , • ( EXCL. WC)  ' /
P. ' WC FLUSH LOSS'  / 6 X / F 7 . 1 /  ' OVERFLOW LOSS ' / 6 X / F 7 . 1 )  
p § i ^ p = i l I T O t  LOS S = CY LOSS + B ATM LOSs + wLOSS + F LOS HENI + OF LOLOSS ' ' '
  - T 0 T L 0 S S = T 0 T L 0 S S + P H L 0 S S + W S I  L 0 S S
^ ^ ^ ^ i | i ^ T O T L O S S Z  = CYi ;OSS7+BATHlLOSS + Wi;OSSZ " ~ -~
‘ "..... .....7 ~ W R  I T E ( 2  r 9 2 1 ) TOT LOS S / TOT LOSSZ
= 7 7 7 7 1 ^ 9 '  23I7F 0  RI1AT ( * TOT A L ' LO S S E S ' , 7 X ,  2 ( F 7 . 1  / 7 X >)
WRI TE( 2 : 9 2 5 ) CYLENEXSrCYLENXSZ^WSENEXS, PHENEXS  
1 7 7 7 1 ^ ?  2 5 7  FORMAT </  * 7 STORED CYL'  / 4 X / 2 ( F 7 . 2 , 7 X ) / '  ( BA LANCE ) i - W A S T E ' V
1 3 X,  F 7 .  2 / 1  OX,  ' PREHEAT ' , / 3 X ,  F 7 .  20 
p ^ = = ^ ^ p W ' R j T E  C27 9  2 6 ) PUMPENG . " T  ' ‘ : ‘T 7 7 7 7 7 7 7 ' ?7 7 7 7  - ;7 7 ;7 : -7  77 7  - ~ v*-"'  ^  ^ r •'
" 9 2 6  ' F O R M A K / /  ' PUMP ENERGY'  / 8 X /  F 7 .  2 )  
p ^ E i p ^ ^ ^ p r o T E N G = T O t e NG- WSENEXS- PHe NEXS- CYLENEXS+PUMPENG ' " ~
TOTENGZ=TOTENGZ- CYLENXSZ
p L T T ^ T ^ T T fE  N S A V H * T'OTE NG Z-TOT E NG' 7 - - p - p p ^ r ; - ; ■ f ; •; ................................................^
‘ E N S A V PC = E N S A VE * 1 0 0 /  TOTENG Z........' ~   ' ”
r I T E ( 2 / 9 3 0 )  E N S A V E / E N S A V P C — ‘ " “ “
3 7  9 3 0" F O R l i A T C / / ’ ENERGY SAVING = ' , F 7 . 1  , ' EQUALS'  , F 7 . 1  , '%'  )
W R I T E ( 2 / 9 4 0 )
9 AO FOr M A T ( / / '  WATER BALANCE SHEET < LTS ) ' / 5 XY' I TEM' / 1 1  X /
1 '  RECYLE CONVENTI ONAL' )
7  w r i t e ( 2 / 9 4 D h o t u s e d , h o t u s e d z ; c o l d i j s e D / c o l u s e d z , f l u s h s a v  , t o t m k u p
9 4 1  FORMAT(* HOT WATER U S E D ' , 5 X , 2 ( F 7 . 0 , 7 X ) / '  COLO WATER USED'  / 4 Xr
: I 2 ( F 7 . 0 » 7X ) /  ' COL D FOR WC' , 8 X / 1 4 X / F 7 . 0 / »  WASTE TANK MAKEUP ' / F9 . 0 )
TOT U A T = H 0 T U S E 6 + C 0 L D U S E 0 + T 0 T M K U P
I r ~  ' T o t  WAT Z = HOTUS E PZ + C 0 L'USEDZ+F LUSHSAV   ~
WRITE ( 2 / 9 4 2 )  TOT IJAT, TOTWATZ
r "'“ “ 9 4 2  TORMATC TOTAL S UP P LY1 , 7X , 2 ( F 7 . 0 , 7 X)  )     '
W R I T E ( 2 / 9 5 0 ) WUA S T , WU A S T Z , F L U S E 0 / F L U S E D , 0 VE R F L0 
: 0 5 0  FORMAT( / '  DRAIN TO WAS T E' / 5 X , 2 ( F7 . 0 ; 7 X ) , '  ( E X C L . W C ) ' /
•' ...  1 ' FLUSHED'  / 1 2 X / 2 ( F 7 . 0 / 7 X ) /  ' OVER F LOW FROM' , 6 X , F 7 .  0 /  ' WASTE TANK
 ~ Z 7 ...... TOTWAST-WWAST+FLUSED + OVERFLO   ......
7  7  " To t WASTZ-WWAvSTZ + F LUSED ■ ""
WR I T E ( 2 / 9 5 5 )  TOTWAST # TOT WAST 7.  “
I " ‘ 9 5 5  FORMATC TOTAL TO WASTE'  / 5 X / ? ( F 7 .  0 , 7 X) )  “ T” - '
W R I T E ( 2 / 9 5 6 )  W S V EX S  7
• ~“ I“ ~ “ 9 5 6  FORMAT( /  ' WASTETANK EXCESS'  / 3 X / F 7 7 9 X 7 7 7 7 7  "™" '7 •'
W A T S A V E = T 0 T U A T Z -  T 0 T W A T + W S V E X S
I  s a;v PC= w;At s a v e * i o;ov t o t wat
I l f  W R T TE ( 2 / 9 6 0 )  WATSAVE/W At SAV P C :
 ____  9 6 0  FORMAT ( / / '  V  A TER SAVING / F 7 . 0 V 7 ~ _ '  E QUALS'  / F 7 . 1
   c      * 7 7 '  7 Z Z ' r r ' Z i r 7 '
" 3  c  7 7  ' ^ .................... ..■■“■' j .................... .........................
    SUB ROUT I NE IlKUPC Y L ( HOTV )................................................ ...........................
¥ :/ ' X i r ^ : K :^ r C 0 Ml 10 N CY LVV CY LT / PH VO L / PH TE M / HOT US E D/ COL/ CO LDT
HOTUSED=HOTUSED+HOTV ......... .....................
f r  1 F (HOTV . GT . PHVOL.) GOTO 1 0  "  ' ' .-------------  '
CY LT= ( ( C Y LV-HOTV)  *CY LT + HOTV + PHTEM) / CYLV   .......
PH TE:M ='(%P H V 0 L^ HOT V)  * PH TEM + HOTV*COL DT) / PHVOL 
GOTO 2 0  ” r  .........  “ “ “ 7" '
7  ' 7 ;  7  7 '  1 0  c  Y LT = C c c Y  L V - H O T V ) * C y  LT + P H  VO p H T H O T V - P H  VO L> * C O L D T  > / C Y L V
  P H T E M = C O L D T  _  .
L _ _  ’  2  0  R E T U R N  ' "
 ■ _ _ _ _  E N D  , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ »
C . ■ \
7 7 ^ - T 7 7 7 7 ~ 7 u d r o u t i n e  r e l a y e r  '
D I M E N S I O N  W S T L A Y < 2 0 / 2 )
^  •777 ^ 7 7 7 7 - R EA L f l A X WV O  L ^ ;" ' ; •7  :": ' . ' . . . . . . . . . . . : -. ■ "
C O M M O N / B W S T / U S T V O  L / MA X WV O  L r N L A Y / WS T L A Y  # OV E  R F L O / 0  F LO L O S  S 
f  -■ " " - " C U M I l O N / C O L ' / C n L D J  "
 7  , i I = NLAY ______  ■__  _A___ ______________________    _ _ _ _ ______
 ' I F ( I .  F Q .  1 )  R E T U R N    . . . . . . . . . . . . . . . . .. . .... . . . . . . . ... .  .. .... .. . — :- - - :
= ^ ^ ^ ^ ^ I T : < W ' S . T :1 . A Y ( I  /  2 )  . f , T .  ( W S T L A Y C J  / 2 ) + 0 . 0 1 ) ) G O T O  1 0 0  -
  ■ S s 'T  L A Y ( J  ,  2 )  =  ( W S T  L A Y ( J / 1 ) + W S T L A Y <  T, 2 ) + W S T L A Y (  1 , 1 )  * W S T L A Y <  I f ? ) ) /
7 7 7 ^ 7 7 7 7 7  ( W m  A Y ( 1 7  1 ) +  w s  Y L A Y ( ,i / 1  ) )  '  ' 7
W S T  L A Y ( J  / 1  ) = W S T L A Y ( J  # 1 ) + W S T I . A Y ( I  * 1  )    ~
p : - - — 77 .- -V -  I F ( I ,  E O v N .L A Y :) ; 0 ‘0 'T 0  " 9 0  T 7 _
 . . . . . .  DO 8 0  N =  I , N L A Y - 1  7  7  7 ” '
,  ^  w r . T L A Y ( N »  1 ) = W S T L A Y ( N  + 1 , 1  ) "  "
  8 0  W S T L A Y ( N , 2 ) = W S T L A Y ( M +1 , 2 ) . ..... .........  .......
7 9 0  WS T  LA Y (  N L A Y  / T )  * 0  ‘ ' =* 7  ' 7 7 p 7 1 7 4 v7 7 7 1 7 ^ 7 1 7 7 7 : ^ 7 7
 ___ _  n l a y = n l a y _«>!   _ _    _ _  _  , _ _ _ _ ■ - . __ ' _ :_ _ _ _ _ _ _ _ _ _
 7 ’ •  o  0 T 0  1 0  7 '7       •' ■    ■ ~ ™ ~  ■     ~ ~  .. .. . . . . . . . . . . . . . . . . ..
c
l 7 7 i 7 ' ^ 7 1 7 7 S  UP, R O U T  I N E M K H p U A S T  < D I  T C H T / D I T C H V )
~ ”  “ 7 “ ’   D I M E N S I O N  W S T L A Y  < 2 0 /  2 )
R E A L  MA X WV O L
COMMON / B W S T / W S T V O L ,  MAX WVOL  r N L AY ,  WS T  L A Y  ,  OVERJ = LO * OF  L O L O S S  
C O M M O N / C O L / C O L D T  "
  D A T A  S P / 0 . 0 0 4 1 8 /  '_ _ _ _ _ _ _ _ _ _ _ _ _ _ ____
C  O V E R F L O W  R O U T I N E
7 :r:- ^ 7 7 ^  7  I F < D I T C H V  . I.T . MAX W V O L )  G O T O  7  7  ~r - “'
DO 4  1 = 1 r N L A Y  ' ’ : . . . . . . . . . . . . . . . . . . . .
: - O V E R  F LO =  O V E R  F LO +  WS T  L AY ( T ' 1 >
0  F L 0  L 0 S S = 0  F L 0 1.0 S S +  S P *  WS T L A Y ( I ,  1 ) *  ( WS T  L A Y ( I # 2  )  " C O L D T )
__ ^  w s T l a y  ( i ; i y = o
R E Q V = D I T C H V - M A X W V O L ~ ’ ‘
7 “ 7 ;  7  '7 "  o v e r  f  l 'O s O .v  e .r  f l o + r  e  q v  "  '
O F L O L O S S = O F L O L O S S + R E Q V * S P * ( D I T C H T ~ C O L D T ) 7  •
■r 7 : ; 7 7    : - 7 . .^..• . ..• r  ' ^ v '.........  •'
N L A Y  = 1
- " "  ;  7 7 "  W S T L A Y  ( 1  , 1  ) = W S T V O L  ' - - - - - -  -
 ___ ;___ W S T L A Y ( 1 , 2 ) = D I T C H T  _  7 ■' ■
   C ... ..... :.....     -. . . . . .  ■■ -  - -. . . . . . . . . .  - . . .  .....
5 '  W s T V 0 L = \-JST .V0 t > D T T C H V ’ "~rv
  J  F C W S T V O L .  L E . M A X W V O D G O T O  4 0
; 7  7 . 7 7 7 7  : 7 7  0  V E R F L 0  =  0  V E R F 1.0  +  W S T V 0  L -  M A X W V 0  L
R F Q V = W S T V O L - M A X W V O L  . ■ ,  ( .
7  7 7 7  - • 7 " •^ w s  T v  o  l = m a  x  w v o  l  " . "•
DO 1 0  1 = 1 / 2 0  
7 7 7 7 : 7 7 7 / 7 7 :  I F ( R E 0 V 7 l T . WS T  L A Y  ( I / 1  ) j G O T O  2 0  
R E Q V = R E Q V - W S T L A Y ( I # 1 )
: ' 7 .  7 7 7  ”  o f l o l o s s = o f l 0 l o s s  +  s p * w s t l a Y  O  ,  i : )  *  ( w s T l A Y  < i  7 2 ) - c o l d t )  ‘
1 0  W S T L A Y d  , 1  ) = 0 .
2 0 . ' WST LAY ( 1 »1 ) = WST LAY( 1*1 )"REQV [ ? : - -
OFLOLOSS=OFLOLOSS+SP*REQV* (WSTLAY ( I  , 2 ) -CO LDT)  
I . L E . 1 ) GUT
11 I N = 1 ” 1 _  _ _  .
OO 3 0  J =1 , N LAY ' ~ ~ ~  '  ' ' ...............
US T L AY< J .71 ) =  U 5 T LA 
3 0 W S T L A Y. ( J , 2 ) = W S T L A Y ( J + N # 2 )
C ■    A D D NEW LAYER ...............
f e f 4 :0 N L A Y*= N LA Y + 1 " *
WSTLAYCNLAY71 ) “ DITCHV,  
s T L A Y ( N L A Y I 2 ) = D I TCHT - ~ ~  
CALL '.RELAYER-
RETURN;
en¥ 3
FINISH
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f l  ? P £ N  2 > I X  F .  ( 3 )  o u t p u t  F r o m
DOCUMENT MODOUT
SIMULATION OF WATER RECYCLING RIG
IT'S I liUN * I A Y IMH! D W/TANK
SYSTEM PARAMETERS 5
CYLINDER VOL 1 1 0 . 0  ITS  
U FOR c YL 0 . 0 1 6 0  MJ/ DEGC/ H 
IJ FOR PREHEAT 0 . 0 0 5 0
u f o r  w a s t e  t a n k  0 . 0 1 0 0  
IMMERSION RATING 1 0 . 8  MJ/ H 
IMMERSION S e t t i n g  MIN 5 0 / 0  MAX 5 5 . 0
CONVENTIONAL MIN 5 0 . 0  MAX 5 5 . 0
WASTE TANK VOL MIN 3 8 . 0  MAX 1 5 0 . 0  
PREHEAT VOL 7 0 . 0
p u mp  r a t i n g  0 . 0 0 , 0 4 2  m j / lt 
RATH COOL RATE 0 . 3 0 OmJ / DEGC / H
RUN DATA*
AMB. TEMp 2 2 , 0  *■
COLD WATER TEMP 1 0 . 0  !
CYL ITERATION 0 . 0 1 6 7  HOURS ;■
RUN FOR 5 DAYS ; . . ■
I N I T I A L I S E  FOR 1 DAYS
NO OF OPERATI ONS•
DAY TYPE BATH BASI N WC s i n k W/MC
1 2 15 2 0 6 2
2 2 15 2 0 6 2
3 2 15 2 0 6 ■ -  2
316
ENERGY BALANCE SHEET ( MJ)
i t e m RECYLE
IMMERSION INPUT 1 6 9 . 8
W/MC INPUT 0 , 0
TOTAL. I NPUT 1 6 9 . 8
CYLINDER LOSSES 5 8 , 5
PREHEAT LOSSES 2 . 6
WASTE TANK LOSSES 2 . 9
b a t h  l o s s e s 1 3 ,  5
LOST TO WASTE 2 7 . 6
WC F LUSH LOSS 5 2 , 0
OVERFLOW LOSS 1 2 , 7
TOTAL LOSSES 1 6 9 . 9 ,
STORED CYL - 0 . 0 5
(BALANCE)  WASTE - 0 . 0 0
PREHEAT 0 . 0 0 ,
pUMp ENERGY 0 . 3 8
i
ENERGY SAVING a 71 . 8  I' I
wa t e r  b a l a n c e  s h e e t
■5
( L T S )  ,
i t e m r e c y l e '
hot  wa t e r  u s e d 1 0 2 5  .
Colo  wa t Er u s e d 4 0 5 .
COLD FOR WC
WASTE TANK MAKEUP o .
TOTAL SUPPLY 1 4 3 0 .
DRAIN TO WASTE 2 7  0 .
FLUSHED 9 0 0 .
OVERFLOW FROM 2 6 0 .
WASTE TANK
TOTAL TO WASTE 1 4 3 0  .
WASTETANK EXCESS 0 .
c o n v e n t i o n a l
2 4 0 . 9  
1 . 0
2 4 1 . 9
5 7 . 3
1 3 .  5 
171  . 3
■ 2 4 2 . 0  
- 0 . 1 0
EQUALS 2 9 . 6 %
c o n v e n t i o n a l
1 0 6 9 .  
36 1  . 
9 0 0 .
2 3 3 0 .
1 4 3 0 -  
9 0 0 .
2 3 3 0 .
( EXCL. WC)
<EXCL. WC>
WATER SAVING = 9 0 0 . EQUALS 3 8 . 6V.
3 1 7
A p p e n d ix  F ,  $ . )  PeoafcftM T o  TffST C iL iN > tc* Moy>ffL
DOCUMENT : .TES.TCY.L2-
M A 3 T I" It T l: S T 0 Y I.
'■'! Ai  I MTrr- i tV-AI-1 L A ‘. IT l i l i :
! » h i | C . \ I  11l l !>H|
i> I i l l  MB I ON i. V I A V ( I 0  , , *)  , | H ! V  l , AV
m i l l ;  H !i I UN t: V I, A V / (1 0 t i *) , It C V I, A Y / (A ,  2 >
CI >n 1 1 0 IJ /  C V /  UC Y I, , T AMI ) , R I MI I , T R ? T 1 /  C O L /  C 0 1. DT
N C L A Y  = '1
n c  l a y z = i  ■ , ; v v ~ r ; ' ' ^ U T : :  . :  ;
R 1 1111 = 1 1  . 1 6  '
c V  LAY ( 1  , 1 ) = 1 0 5  . 0  - f
•B C Y L A Y ( 2  # 1 ) =1  5 . 6  1
b  c  y  l  a  v  c tv 1 )  = 1  s  .  o  " : ?
C Y L A Y Z d  , 1  ) = 1 0 5 . 0  
B C Y L A Y Z C  2 , 1 ) = 1  5 . 0 ~ V V V T  V V V  :
B C Y  LAY Z ( 1 ,  1 ) = 1 5 . 0  /
' U c  Y -l = 0 ' .  .0.0 4  2 V :T
T r 2 T 1 = 0 .  0 0 5 1 ___   ■_ _ _ _ _ ____ _ _ ___
s  p = o . 0041  a   _............ .. z ' ' .. i .  r i r   . ......
BCYLAY(1 / 2 )  = 2 0  . 0   ■________  _ _ _____ _ _ _ ______
CYLAY (1 , 2 )  = 2 0 .  0  ..............  " j - ..... .. . .........
BCYLAYZ ( 2 ,  2 ) = 2 0 .         ~~7"~............................... ................
R E A 0 ( 5 , 1 0 ) CYL I TER » TIMM I N , T I MM AX » T AMB ' ----------------
i o  f o r m a t ( 4 F 0 . . 0 )  ‘ ‘ ‘ j  _/...V
C O L D T = 1 0 .
. U kI T E < 6 , 1 2 ) T I ME , < B C Y L A Y < I , 2 )  , 1 = 1  , 2 ) , NC LAY, CY L A Y d  , 2 )  ^  ~~
T 1 2  T 0 RMAT ( ' TI  11E , ' P-CYLAY ( Y L A Y Y 2 ) ^ V N C L ^  YLAY (
1 2 ) .  CYLAY ( 3 )  C Y L A Y U )  CYLAY( 5 )  HOTV » /
" 2 E 6 . 2 4  2 ( 4  X TF 5 ' 1 V3  X ) 7  3 X , 13  , :5:X7f :57 i
1 5  READ ( 5 , 2 0 ) T E V E N T , H 0 T V ‘ ~ ...... ' .......................................-   •'......
  LAS TI 11 E = T I M E    ~   ' Z Z Z Z    ' ' " J —
WR I T E ( o , 4 0 0 0 )  T'ITTe"VBC"V lX 'V**C"'I~V'^ Trj,'T':=='"T'"V'2 Y7I(C T A T r r V ^ T ^ T = i $ NC LAY )
I NTERVAL = TI f 1E~LASTIME " ■ ' '
E L A P S E = 0 . 0
3 1 0  1 P ( ( I N T E R V A L -  E LA PS E) . G E . C Y LI T E R ) G 0 T 0 3 2 0  
PERI OD=I NTERVAL- ELAPSE
318
f g o t o  3 3 0
3 2 0  P E R I O D = C Y L I T E R
3 O r  E l. A P S  E = E L A P S  E + P E R I 0  P ' * ‘
j  I F ( B C Y L A Y ( 2 , 2 ) . L T . T I N M I N ) I M M O N = . T R U E .
: ' " C A L L  C Y L I N D E R ( B C Y L A Y , C Y L A Y , . N C L A Y , C Y L O S S , P E R I O D , P A U S E D , I M M O N )
4 0 0  I F ( N C L A Y . G T . 1 ) C A L L  R E L A Y E R ( C Y L A Y , N C L A Y / 1 ) •
h- I f  ( B C Y L A Y ( 2 ,  2 )  . G E . T I M f 1A X ) I M M 0  N = V  F A L S E . - :
T 0  U T = L A S T I M E + E L A P S E
r  ' W R I T E  ( 6 ,  4 0 0 0 )  T O U T ,  ( B O Y L A Y ( I , 2 )  , 1 = 1  , 2 )  , N C I A Y , < C Y L A Y < I , 2 )  * 1 = 1  , N 0 L A Y )
4 0 0 0  F O R M A T ( F 6 . 2 , 2 ( 4 X , F 5 , 1 , 3 X ) ,  3 X  , I 3 , 2 X , 5 < 3 X  , F 5 . 1 , 3 X ) )
l l £ § D :F ( E L A R S E  . L T .  I N T E R V A L )  G O T O  3 1 0  
______  W R I T E ( 6  , 5 0  0 0  ) T 111 E , H 0  T V
- 5 0  0  0  { F O R M A T ( F 6 . 2 , 9 0 X , F 5 . 1 )
C A L L  M K U P C Y L C H O T V , P H V O L r  C O L D T , C Y L A Y , B C Y L A Y , N C L A Y )
E 7  7 ;- ;  I F  < T I f  1E - L T . 1 2 )  GOTO. 7  5 7 7  7 7  . ^ 7  7 7 7 "  7 7 ;  ; 7 7 7 7 d 7  "  ^ 7  ' '  - 7 - 7
E  7 7 7 7 7 7 “ '7 W R  I T E  ^  c  . . ...
  5 0 0  F O R M A T ( '  H E A T  L O S S  ' , F 6 . 2 / '  E N E R G Y  U S E D ' , F 6 . 2 )
 . E ND ........ * 2    " V ..... ........................  :
S U B  R O U T I N E  C Y L I N D E R ( B C Y L A Y , C Y L A Y , N C L A Y , C Y L O S S , P E R I O D , E N U S E D , I M M O N )
7 7 : : 2 i ' 7 1 7 7 . :: I N T E G E R  HV “ • :
L O G I C A L  I MMON '■ >  7.................
2 • E 7 7  D I M E N S I O N B C V L A Y ( 2  ,; 2  ) ,  C V L A Y ( 1 0  ,  2  )
D AT A  S P / 0 . 0 0 4 1 8 /
| i ^ r ^ i ^ ^ p : C O M f H ) N / C Y 7 U C Y L , T A l i B ,  R I M M , T R ? T 1  
DO 3 3 5  1 = 1 , 2
2 ' ^ 7 2 2 7 ' : 7 d  U c  Y L I  = U C  Y L *  B C Y  LAY ( I  , D / 1 3 5 .  ' T
C Y L O S S  = C Y l O S S  + I J C Y L I * P E R l O D * ( B C Y L A Y ( I  , 2  ) ~ T- A M B )
-  . : D 1 ^ 3  3 5 /  B c  Y L AY ( I , 2  ) = H C Y L A Y ( I ,  2  ) ~  ( U C Y L I * P E R I OD * ( B C Y L A Y ( I , 2 > - T A M R )  )  /
1 ( S P * B C Y L A Y ( I , 1 ) )  
p | = £ i p : 0 0 ' J  4  0 I = 1 , N C L A Y '
U C Y L I = U C Y L * C Y L A Y ( I , 1 )  / 1  3  5 .
2 ' 7 7 "  E p  ' 7  C Y L 0 S S  = C Y L O S  S + UC Y L I *  P E  R I 0 D* < C Y L A Y < I , 2  ) - T AMR )  ' ' ' : ”
3 4 0  C Y L A Y ( I , 2 )  = C Y L A Y ( I , 2 ) - ( U C Y L I * P E R I O D * ( C Y L A Y ( l , 2 ) - T A M B )  ) /  
v; : - , :  - ^ : : D : d  ( S P * C Y L A V  ( I , 1 ) )
I F ( C Y L A Y ( N C L A Y , 2 ) ~ B C Y L A Y ( 2 , 2 ) ) 0 , 3 4 2 , 3 4 2  
7 -  -  : r 7 7  C Y T = ( C Y L A Y ( N C L A Y * 2 ) * C Y L A Y ( N 0 LAY / 1  ) + B C Y  L AY ( 2  , 2 ) * R  CY L A Y ( 2  / 1 ) )  /  -
1 ( C Y L A Y ( N C L A Y , 1 ) + B C Y L A Y ( 2 , 1 ) )
7  7  v C Y L  AY ( N C L  A Y ,  2 ) = C Y T
 ________  B C Y L A Y ( 2  , 2  ) = C Y T
7  7 7 7 : P : 3 4 2 n  F ( B C Y L A Y  ( 2 , 2 ) - B  CY L AY ( 1  , 2 ) - 4 )  3 4 5  , 3 4 5  , 0
C Y T R = T R 2 T 1 * P E R I 0 D * ( B C Y L A Y ( 2 , 2 ) - B C Y L A Y ( 1  , 2 ) - 4 )
P  l a y ( 2 7 2 )  = b c  y l a y ( 2 , 2 ) - c y t r /  ( s p * b C y l a Y ( 2 ,  1 ) )
B C Y L A Y ( 1 , 2 ) = B  C Y L A Y ( 1 , 2 ) + C Y T R / ( S P * B C Y L A Y  ( 1 , 1  ) >
7;  •" ' 7 7 3 4 5 " ’ j p ( # N O T . I M M O N ) R E T U R N  ' 7 ;
 C  _
’ DO 3 50 1=1 , NCLAY    7.. ...... ......
.1 F ( C Y L A Y ( I , 2 )  . L E . B C Y L A Y  ( 2 ,  2 > + 1  . 0 ) J R  = N C L A Y - I  + 1 
I F ( J  R . G T . 0 ) G O T O  3 5 5  
?  • 3  5 0  C 0  N t I N  U E
3 5 5  I F ( J  R . G T , 0 ) G O T O  3 6 0
E ' •:" ' D  P P P v P ' B  C Y L A Y ( 2  , 2 )  = B C Y L  A Y ( 2  ,  2 )  + P E R T 0  D *  R I M M /  ( S P * B C Y l A Y ( 2 , 1 > )
G O T O  3 9 0  • .................... ~
3 6  0 ~  H V 0  l = BC Y LAY ( 2  , 1  ) ~ - -  -
DO 3 7 0  J = 1 , J R .............
HV = NC L A Y ~ .I  + 1  . : 2  - p  v  •’ ..  ^ ' ■
3 7 0  H V 0  L = H V 0 L + C Y L A Y ( H V , 1  j  ~ - - - - - -  —
^ 3 ] _
7  b CY L A Y < 2 , 2 )  = BC Y LA Y:.<2 , 2 > + PE R rOD*R I M /7 ( S  P p V 0 L)' 
DO 3 3 0  J = 1 , JR
: 7 7 7  h v == n c L A Y -  j + 1 '“............... ...-7::^" : 7 ; .7 f7 7
3 8 0  C Y L A Y ( H V , 2 ) = C Y L A Y ( H V , 2 ) + P E R I 0 D * R I M M / ( S P * H V 0 L )  
E39.o7 e n u s e d  = e n u s e d + r i  mn * P E R i o T v p - :  7  " 7 v ': - : 7 7 .; rr
  RETURN _ _ __ZZ_"ZZZZZ~
p T  SUB R0 IJTI N E MK<JPC Y L ( H0 T V , PHV0 L , PH TEM /  C YL AY Z / B C Y LA Y Z , N C L A Y Z ) 
DIMENSION CYL AY Zd  0 , 2 ) , B C Y L A Y Z < 2 , 2 >  •
777'COHf-10 N7 COL7 Co LDT : 7  7 7 7 7 7 - 2 2 7 7 : 7 7 : ^ : 7 ^ 7 7 / 7 7 - : 7 7  ' 7 " ' - 7 7  ’ ~ 7
 PHl EFT=PHVOL _____ . _____ . ~ ~ • ' ................. ........................
T O  R F Q V  = H O T V   . . . . . .        - - r - - -  -    - . .. . . . . . . . . . - . . .  ~ ~ ~   
B l T (  r eqv70T7^BCYirAYZY 2Y Y):):r e o v = b ;cY 
 I F ( P H L E F T .  LT. REQV) RE GV = P_H LEFT ^ "■ '~ " Z I Z " Z Z
UpT{. H = BCYLa YZ ( 2  , 2 )
B C Y LAY Z ( 2 , 2 )  = ( BC Y LAY Z < 2 , 2 ) * (  B CY L A Y Z ( 2 , 1 ) - R E O V ) + n C Y L A Y  Z ( 1 , 2 ) * R E Q V ) 
1 /  B C Y L A Y Z ( 2 , 1  )
7  B C Y L A Y Z  ( 1  , 2 ) = ( B C Y L A Y Z d  7  2 ) * < & CY L A Y Z  < 1 , 1 > - R E Q V ) + P H O U T * R E Q V )
1 /  B C Y L A Y Z d  , 1 )
7 P H L E F T = P H ............................................................... 7..-
I F ( P H L E F T . G T . O . O ) G O T O  1 5 '  ' _ 7
PH LE FT = 5O0V 7 T - P T 7 7 7 7 . 7 D /  7 :;"  T :: : ; ; - - p F i 7 7 v “ ": - v / 7 7 7 7 -  77" ' '   ’ : '
* P H 0  U T = C 0  L D T "
1 5 DO 2 0  1 = 1 , 1  0 : :............................      ' '   '    7  .
. I E ( IJ P V 0 L . L T'. C Y L A Y Z ( I , 1  ) ) G 0 T0 3 0 7 7 •  : p -  T - P P :  r :
U PV 0 L = U PV 0 L- C Y L A Y Z ( 1 , 1 )
2 0 7 C Y I A Y 7 (  T ,  1 ) = 0  "=' “  " "
3 0  CYLAYZ ( I , 1 ) =CYLAYZ(  I , 1  ) - U P V 0 L  ■" 7
p :  ::.'i Fr(r"7LE';r)"G0T0 ::50‘7 i 7 “r7 ^ 7 7 7 7 7 7 7 p ^ P ^
. N = I - 1  . '  "'  .;
p  ^MCLAYZ = NCLAYZ^N " 7  ' " 7 : 7 '  : ‘7 7 7 I l p 7 7 P 7 I 7 7 7 7
DO 4 0 J = 1 , NC LAYZ ‘ ■.......  ~ ~ ..... ! .
7 7 7  C Y L A Y Z ( J 71 )=CY LA Y Z ( J + N , 1  > 7 7 ' \   ^ ^ P 7 7 7 : T '‘7 7 7 7 :7 "  -
4 0  CYLAYZ ( J , 2 ) = CYL AY Z  ( J + N , 2 )  .......... ... ..........
’5 0  N C I. A Y Z = N C L A Y Z +1 ’ “
CYLAYZ( NCLAYZ, 1) =RF. QV-  
:;7  ; c Y L A Y Z ( N C L A Y Z , 2 )  = u P T F. U ”  " "
h o t v = h o t v - r e q v
'I F ( H0 TV .GT . O . O  GOTO 1 0 ~
I F ( P H 0 U T . E Q, C 0 L D T ) G 0 T 0 6 0
7  v PHTEH= ( P H T E N * PH LEFT + C 0 L D T * ( P H VO L-  PHLF.FT ) ) /  PHVOL
R E T U R N
:&07PHTEM = COLDf  - TfT "/'"T
RETURN
. :7T> • *B R0 UT I ,ME R E LAVER ( WST LAY , N LAY , I SW) '
 DIMENSION WSTLAY (1 0 , 2 )  „  7 _  __ _ _
1 0 J = I - 1       -............ .......... ..........
7 p l  F ( I . EQ71 ) RETURN ' ^  '
  I F. ( I S W. E0 . 2 )  G0 T0 20
7 " CYLINDER
I F ( W S T L A Y ( J , 2 ) . G T . ( WS TLAY( I , 2 ) + 0 . 2 ) ) GOTO 1 0 0
WASTE TANK ~..............       -.."
: ;’i ....... . .......... .. “ '
r n m m m m z m i  p c u s  t  l  a  y < r ,  z r .  g t . ' <  u s  t  l a  y  < v z > + 6 .  o  r  j  > g o t o  100
3 0  W S T L A Y ( J , 2 )  = ( U S T L A Y  < J , 1 ) * W S T L A Y  < J , 2 ) + W S T L A Y ( I , 1 ) * W S T L A Y ( I , 2 ) ) /  
I  ~ ; 1 ( I ) S T  LAY ( I , 1  ) + U S T L A Y ( J , 1  ) )
W S T L A Y ( J , 1 ) = W S T L A Y ( J , 1 ) + W 5 T L A Y ( I , 1 >  ~
' I F ( I . F Q . N I.
DO 3 0  N = T , N L A Y - 1  
= ^ | = = ^ W ; S T  L AY ( N r l  ) = U S f  L A Y ( N + 1  , 1  )
_  _  _  8 0 _ V ) S T L A Y ( N , 2 ) = W S T L A Y ( N  + 1 # 2 ) . _  _  _ _
" ' 9  0  W S T  L A Y ( N L A Y / 1 ) = 0 .  ]
      N L A Y  = M L A Y -1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _     _____..... . . . . . . . .   _____ _ ... .............. .............
  g o t o  J o  _____________ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ______
F I N I S H  ■ .....
flfPENjMK <Z. OP 3>errifl-t0i> G.EtJEK.ft'TDf*. pfeodifcflM
D0 f. U11 [* N T .Z ... D Ei'IG E N .M M .
P R O G R A M ( D E M O )
H i  N * i’ f j i : u t i ! r N n i
\ i i i ' i r i  | h i ; in") \
I f'J PUT '» - DIM 
011*11*u i; iv'i U ' O  
c o i l i > k i : fi fi  i n t e g e r  a n d  i . o c > x c a i .
t r a c e  1
END
M a s t e r  d e m g e n  ' "
I M P L I C I T  I N T E G E R ( 1 0  '
R E A L  B A T H  F O P , K S I  N K 0  P ,  B A S T  D I S T  , B A S I N O P           " ................
M T . ' . M  u t v. g e r  r  u  n d , d a  y t y p  , u r i c N d  I s  t  ,  u m c t p T
D 1 ME£NS I 0 N B AT H F 0 P ( 1  0  ,  3  ) , B AS  I N 0 P ( 5 0  ,  3  ) / W G O P  ( 5 0  ) " / W M C O P T i  0 7 l ) 7 * .............
1 Kf, I U K 0 P < S O , 3 )  , B A S T E P I  S < 2 , 8 ) ~ " '  '
D I M E N S I O N  B A T N D  I S T  ( 2 , 1 1  ) , B A T T  D I S T  ( 2 , 1  3  j , B / V S T D I S T  ( l Y )  V w C T D  I S T  ( 1  2 )  , 
i  K 5 ND I S T  ( P i 1 1 ) , KS  T DI  S T ( 2  , 1 3  ) 0  WMCND I S T  < 2 ,  4 )  , W M C T [) I S T  < 2 , 1 3 )
D I M E N S I O N  A L I S T  ( 5 0 )  • ........................... .. . . . . . . . . . . . . . . . ..........
- R E A D d  , 1  0 )  R UND , M p O p 7 i  S T R A  ~ ".... . . . . . . .. —   -7... — —
10 f o r m a t ( 3 1 0 )  '  Z C ”
I S T R B F = I R A N 1 ( I S T R A , ^ 9 9 9 )  ' M :  T  “ ~ M
M  ■ M ' M i  S T R B A  = i  RAN 1 ' ( I S T R A , 9 9 9 9 )
I S T R O C  = I R A N I  ( I S T R A ,  9 9 9 9 )  ■ “  ~~ ”  ' " T  ~
I S T R  W11 = I RAN 1 ( I S T R A ' , 9 9 9 9  ) " M f
I S T R K S = I R A N 1 ( I S T R A , 9  9  9  9  ) ............. ~  .........  - -  . . . . . . . . . .
N D = N DAY      ” '      - ------ - —  ~  ..
110 i r < u r>. l  n . 7 )  g
n d ? i j d -  7    7 " T “ .....' — ■ ■ ■ - - - - -   
1 1 5  I F ( N D . GT'. 5 ) GOTO'‘ i'2 0 ^ “ Z '^  —
': ■ G 0 T 0 1 3 0   '....... .....~  _ 1 - - - - - -  — - _ _ _ _ _ _ _ _  _ ...
1 2 0" I F ( ND . EQ . 7 ) G0 TO 1 2
D A Y T Y P = 2 . . __ '  Z .... ] ......... Z”  ~ T 
1 25 D A Y T Y P - 3 ( ...  ZZ~Z.Z~~   •  I ZZZZ~"~~ Z Z   '
1 9 0
C " " ' ' ' b a t h  P A T  T E R N G E N E R A T 0  R _ 2 _ _  _ „  _    _  _ ^ L_
_  " P O O  I F ( N D . G E . 6 ) G 0  T 0  2 0 1
- I p ( n [ ) .  GT . 1 )  O O T O  2 1 0
2 0 1 “ R E A D ( 5 , 2 0 2 ) ( ( B A T N D I S T ( I , J ) , 1 = 1 , 2 ) , J “ 1 , N P O P + 2 )
I 7 P ^ l | p O ' 2 7 r F 0 R | ] A T < 2 2 I 0  ) _ ‘ ~
R FT A D < 5 , 2 0 3 )  ( ( B A T T D I S T  ( I , , 1)  ,  1 = 1  , 2 )  , J = 1  , 1  3) ,
r  2 0 3  F O R M A T  ( 2 6 1 0 )  - - - - - - -  -     --- ---------
R E A D ( 5 # 2 0  4 )  B A T M T E , R A T S  T E , B A T M V O , B A T R V O   7 ‘
_ DO 2 0 6  J  = N P 0 P  + 3 . , 1 1  _ _ i L L l  '  . . . . . . . . . . . . . . ....  ....  ......
2 0 6  B A T N D I S T  ( I , J  j  = 0  “ 7: ' ~      
p = p p ^ g a l  o^ t s t i ' c b  a t n d  i s t
_ J   C A L L  DI  S T 1  ( D A T T D I S T , 1 5 )  ,  T~ - - -  - - -  / "  - -- - - -  - - - - - - .. . . . . . . .
~~~ 2 1 0  MB F = I S Al 11 ( B A T N  D I S T , 1 1 » I S T R  B F ) :.. . . . .""""..... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -  ...
n i B  F / E  Q . 0 ) G O T O  3 0 0  ; :: T;- ;r ^  - ... ~ - ^
DO 2 5 0  K = 1 » N B F . " : . ....... T ’" ......... .... ..  .  7 7  ;...
P 1 7 ^ s ? : o i i j T i ' M = i  s a m t <  b : a t t ; d ; i - s : t ^ : 3::> ' i  s r  r
I T I MI  = I R A N 1 ( I S T RB F , 1 2  0 )   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................. "
y i i ^ s s l T f H  = I T I  Iv+ 1T j  M 7 z ' - ~ r ---7-
 _ _ _ _ _ __ __ ■_ I F ( K . E O . 1 ) G O T 0  2 3  5 " T "   . . . . . . . . . . . . . . .  ‘
"  I F ( T I M . G T . A  L I  S T ( I ) + 1 ) G O T O  2 3 0  ~....... '
1 f  < t  i m + 1 7  l  e v a t  i  s  T O :  m o  t  0 2  3  :"  : w  - :
 . _  _ _ _  G O T O  2 2 0 __ _ _ _ _ _ _ _ _ __ ■■_ _ _  „  •
" “ 2 3 5 “ A L I S T  ( K )  = T  I N     . . . . . . . . . ......  ...........
”....... ...  C ’   "  ; “ " ' ' T W ^ : ‘ " ''
'N IVF V  G T T I T  G~A-BlTT)R D ER  ( N ft F T  A:L1~&T.T3IIe =e= ^  T ' . -v  I
DO 2 6 0  K = 1 , N B F .......................  : 
A T H FO p ( KT T ) = A L l ^ T T T T T ^ T f f T ^ ; : ^
* Vf t  AT = I R A N I  ( I S T R B F 7  B AT R V O f     .......  “   " " .. .. ....  '
B A' T = V BA T +  B A T 11V O   . . .  -
T B A T = I 0 E V 1 ( I S T R B F , B A T S T E # BA TM T E )
B A T H F 0  P ( K # 2 )  = V B A T '
 _____ 2 6 0  B A T H F O P ( K , 3 ) = T B A T
0  K I T C H E N S I N K  ( H O T )  G E N E R A T O R
_ 3 0 ° I F ( N D . G E . 6 ) G O T O  3 0 1  
P 7  7  x ; 7 - 7  T i r c N D . G T .  1 ) G O T O  5 1 0  r ”  ‘ ~
_ 3 0 1  R E A D C 5 , 3 0 2 ) ( ( K S N D I S T C I , J ) , 1 = 1 , 2 ) , J = 1 , 1 1 )
7  V “ 7 7 3 0 2 " F O R M A T ( 2 2 1 0 )
   R E A D ( 5 #  3 0 3 ) ( ( K S T D I S T ( I , J ) L I = 1  # 2 ) # J = 1  # 1 3 )
'r  " 7  3  0  3  F O R MA T  ( 2 6 1 0 )  “  - - - - -
 _ R  E A D ( 5 r 3 0 4  ) K S f‘1 T E / K S S T E » K S M V 6 » K S R VO
r  7 - ~ 3 0 4 '  F 0 RMAT  ( 4 1 0 )
_ C A L L  D I S T 1  ( KS N D I S T  # 1 1 ) ^  _  ' _  _  __
: 7 ;: v -r 3 7 7  W . : , :  C A L L  :D I S T 1 (  K S T D  I S T  ,  1 3 )  '
c ■  “     '7"~~...............................   ■
' 3 1 0  ~ f U 7 s = I  S A m  ( K S N D I S T /11  n s T R K S )  “ ' "
I F ( N K S . E O . O ) G O T O  4 0 0 ..................
7  "77j 7 y  DO 3  5 0  . K = 1 , NK s  7 V ^ 7 :7 :- ■ ' ; 7 ': :'7 '"' ■ --v ■' '  v 
3 2 0  I T I f l =  I S AMI  ( K S T D I S T / 1 3 ,  I S T R K S )
:: 7 7:  7 ; I T I ( 11 = I R A N 1 ( I S T R K S ,  1 2  0  ) 7 ?  "  : : .: .............  :
T 1 M = I T I fi +. I T I M 1 / 6 0  . ............ . .. .......
f  < k . e q  . 1 > g o t o  335
DO 3 3 0  1 = 1 , K~ 1  
F ( T I ' n  GT . ( A L I S T  ( I ) + 0 . 1  7 )  ) G 0 T 0  3 3  0  '
1 F ( ( T I M + 0 . 1 7 ) . L E . A L 1 S T ( I ) ) G O T O  3 3 0
 3  3  0 C 0  N T I N U E ....  ...  ....
7 7 : 7 7 7 7 7 3 3  57  A L I  S T ( K ) = T  I M 
_  3 5 0  C 0  N T I N  UE
~. . . . . . . . . . . . ’ I  F < N K S . G T . 1 ) C A L L O R D E R ( N K S , A L I S T )
DO 3 6 0  K = 1 r U K S  " ” 7 -  *"
K S I N K 0  P ( K , 1 ) = A L I S T ( K )  '
R A N :r ( I S T R K S f * K S R V O )
.. V B A T = V B A T + K S M V O
r = i  d e v i  < i $ t r k $ , k s s t e , k s m t _e > -  
k s i n k "o p < k , 2 ) = v b a t  ■ . • 
r v: : K s i n k 0 p X k , 3 ) = T b A T 7 7 7  7 7 t : :7 7 f  r: T T T T 7 7 7 : ' 7
• _ C _ _ _  \  ' • _  _  . 7 ■ 7   ^  “ ... _..
 ~ C WAS H I NG M A C H I N E  G E N E R A T O R ”  ~ ” 7 '  ; -  ;. ...
4 0  0  I F ( N D . GE .  6 )  G 0 T 0  4 0 1 ..........   :..........   ' ' • .... ........
7  t T T T t P ' T  I F < N D . G T . 1 ) G 0  T 0  4 1  0
:  4 0 1  R E A D ( 5  , 4 0 2 ) ( ( UHC N D I  S T ( I , J  ) , I =1  ,  2 )  , J =1  , 4 )
' ' " " 4 0 2  F o r m a t < r u 0 )
RE A D ( 5 , 4 0 3 ) ( < W M C T D I S T ( I , J ) ,  T =1  , 2 )  , J =1  , 1 3  
7 : 7 7  0 3  f o r m a t ( 2 6 1 0 )  - ' t t  ' 7  r  T t t . - -  ': 7 ; : 7 7 t 7 7 7 T 7
” ” R E A D  ( 5  , 4 0 4 )  WMC T , WMCV.. ~....   ".IT
!-   ^ : m^ 4 0  4; F o r m a t  ( 2  f o . 0 )   ^ r ^ : : : 7 : 7  :7  7: ; - .....
C A L L  D I S T 1  ( WMCND 1 S T  , 4 )  ~ ~ “ “   “
-  t a l l  d i s t i ( w m c t d i s t , i 3 )  ~
C ' 7  '"7“ ......... '
i~~ ' 4 1  0 ’TM.;M= 7 $ A M 1  ( Wf l C ND I S T 7  3 , T S T r w H )  '  "  "
I F ( N W M . E Q . O ) G O T O  5 0 0 .............
t v 4  s o x  = i , n  m m m m
~ 4 2 0  I T I M = I S A M1 ( W M C T D I S T  , 1  3 ,  I S T R W M )
7 7 7 7 1 1 1 1 7 7 1 ^ : 1  I M I  = 1 R A N I  ( I S T R U M ,  1 2 0 )  T
T I M = I T I N + I T I M I /  6 0 ,
7 :7 7 7 7 1 7 7 7 7 7 7 7 1  F ( K / E G . 1 ) G O T O  " 4 3 5  ' '
DO 4 3 0  1 = 1 ,  K - 1  
^MT''-77:r77y-'T;:-” T--I  F ( T I  M . GT . ( A L I  S T  ( I )  + i  . ) ) G O T O  4 3 0  ~ ~ “ “ ‘
  I F ( ( T I M  + 1 . ) . L E . A L I S T ( I ) ) G O T O  4 3 0  “
r " 7 " 7 ' ; i  : ' : T  '7" ; G o  T O . 4  2 0 7 7 : 7 7 M f f l 7  
4 3 0  C O N T I N U E ’
' 7 I l l l I l ! p 5 1 A T i  S T ( K ) = T I M 7 7 7 7 7 7 7
4 5 0  C O N T I N U E  . ~ ~ ' T  _      ___
________ 7  I F ( N U M . G T . 1 ) C A L L  O R D E R ( N W M , A L I S T )
7 7 "  7:  7 T T 7 7 ' 7  Vi d o 4  6 0  k = 1 ,  n w m -
W M C O P ( K , 1 ) = A L I S T ( K )
' “ “ W M C O P ( K , 2 ) = W M C V
  4 6 0  WMC O P ( K  , 3 ) = WMC T
C ........ ........... ............ ......... ..............................
. ' C : WC~ DEM AND GE N E R A T O  R
C
7 .  77:  7  t ;  5 0 0 " “ I F  ( N D . G.E . 6  ) G O T O  5 0 1  7 :
I F ( N D . G T .  1 ) G 0  T 0  5 1 0  
g l ^ ^ § 5 : 0 0 7 : R  E A D l 5 7  5 0 2 7 ( W C 7 D T 5 : 7 (
5 0 2  F O R M A T ( 1 2 F 0 . 0 )  " V
 5 0 5  WCTDI S T ( I ) = 6 0  . /IJCTD I ST ( I ) '
  51 0 C LQC K s 0 . 0 .............  '.  :...........  ~ "
  1 ” 1=1..... '........................   T ............... — T - 7 ^ —   
5^Mi! AN AR = UCT D 1ST ( I ) ' : If Tt  7 ^ 7 7 ; # 7 : : ; r ? T : :  7 7 7 ;\  7 7 '  ':7 7
 ______  5 2 0  T I M = I N E G1 ( I S TRUC/ HEANAR)  _ _
 1 f '< ( CLOCK_+ T I M) -  ( I * 2  . ) ) '0 , ,  0 ,  5 3 0  ~.......... ...
Z ^ W C O P  ( K ) =TJM +CLOCK  ' Z Z Z Z Z Z  Z  Z Z Z Z Z T Z
I F CC LOCK- ( 1 * 2 . 0 ) )  5 2 0 , 0 , 0.........  ~  ~""~~7
"  " :z " ................ ...^  -, : n — — -
“   ..NUC = K  r"‘“ “ ~    : ~ _ ...... : r; ;   ;r
C “ " ' \  " . .
 ." C • '     ' 7  .■■-:■■■: ■: ■•■......... :.............. -  ;...............-..... " ' .......:.................................... - -
E 7 7 7 0 ^ - ° 0^ I F ( M 0 . GE . 6 ) GOTO 60 1  - ~ ~ ~  “  ‘ ‘
I F ( ND.  GT.  1 ) GOTO 61 0 ...... ~
7  "  7 f 6 0 1 - R F A 0 ( 5 , 6 0 2 ) ( Q A S T D I S T ( T ) , I » 1 , 1 2 )  ' '
6 0  2 F ORMAT(1 2 F 0 . 0 )
FT " “  - '  R FA I) ( 5 , 6 0 3 )  ( ( B A  5 TED 1 $ (1 , J ) , I -1 , 2 7 ,  J =1 , 8 ) '
 6 0 3  ' For 11 AT ( 1 6 1 0 )
7 7 :^ 7 7 7 '  ;^':F R l: A D ( 5 , 6 0 i ) B A S M V 0 , B A S R V0 '
6 0 4  FORMAT (21 0 )  : ...........J . ...... Z  I  " Z I Z  Z   I       
 6 0 5  BA STD I S T ( I ) = 6 0 . / 8 AST D I S K  I )
■ “  ~ ' c a l l  d i s t T ( b  a s t  h d i s , 8 ) "" ' ~ " 7 '  '
■. c • ■' 7 •
i 7Tv7 7 p ;6107  c toC  < = 0 f o 7 7 ::-"" tt -  ? / - -r:r
  K=o ■ _ :       2  ' Z Z  " Z ~   Z  "  ■ ” ■ ; 
J Z Z 6 1 5  MHANAR = BASTDI ST ( I )
F  : ; 7 ; 6 2 0 : : T I'M = IN E Q i ( I STRBA/ H E A M'AR)"7'“ ' 7 7 “ ~
T I M = TI M/ 6 0 .
: ' __ 1 F ( ( C L 0 C K + T IM > -  ( 1 * 2 . 0 ) )  0 , 0 7 6  ? 0 “
K = K + 1 "■.............. ...... .............. 7 ............  ■■......“ “ —77  
: B A S I N 0P<K71>- ( >L6)  CK + TIM r 'T lip T  7
 ____ ' _  CL 0 C K = CLOCK* TIM '
7  7  “  ' 7 1  F ( C LOC K~ ( I *2  . 0 ) )  6 2 0  , 0 , O'—  ------------------ " 1 1
  6 3 0  C LOC K = I * 2 . 0  _  _ : -
zzr zz1 r ( 1 ~1 6 1 5 * °# ° z  zz zz : ; 
     D0 6 5 0  K“ 1 , NBA.......................  " .........   :.........   ■"
F : 7;: F7 7 7 7 l V B A T = I R A N T ( I S T R B A , B A S K V 0 r
V!VAT = VBAT + BASMV0 " »
L 2 ^ f7 .i^ 7 7 7 7 T B A  T=TSAf11 (B AG TED I S >8 , 7  STRB A ) , -
I F ( T B A T . L E , 1 0 ) T f!' A T = 1 0 . 0 
L"“ B A S I N 0 P ( K , 2 ) = V B A T  I j1 7'
 6 5 0  B A S I N O P ( K , 3 ) = J B A T
WRI TE( 6 , 7 1 0 ) NDAY#PAYTYP 
l ^ l F 7 r o r : F f V R f i A T ( / / '  D A Y ' , 1 4 , '  ( T YP E ' T l ? ;  / ' ) ' ) -  ■ - -
w r i t e (6 / 7 2 o ) n b f
|:-1  20 : FORMAT ( /  ’ RAT M : ' / 4 X / I 3 , ' ‘ OPE RAT I ONS'  )
: I F ( N B F . E Q . 0 ) G 0 T 0 7 2 3  ;...... .
^ f f ^ ^ ^ W R I  T £ ( 6 / 7 2 5  ) ( ( BATI l FOP. d / J > / J  =1 , 3 )  , 1=1 , N B F ) “
 7 2 5  FORM AT ( 2 ( /  5 ( 3X / F 5 . 2 / F7 . 1  , F 6 . T , 3 X >  >)
1 ^ ^ 7 2 3  ”Wr I TP. <6 , 7 3 0 )  NBA - '
7 3 0  FORMAT < / 1 B A S I N : ' , 4 X , I 3 »  ' OP ERATI ONS ' )  r
1 F ( N B A . E Q . 0 ) G 0 T 0 .7 3 8  7  'v;    'v7-7::;-:-7 ^  : ? • - 7 -  ^
W R I T E < 6 , 7 3 5 )  ( ( BASI NOPf( I  , J )  ,,1 = 1 , ? )  , 1 = 1 , NBA)
5 ' FORMAT < 1 0 < /  5 < 3 X / F 5 72 > F7 . 1  v F 6 ^T,  3X >
7 3 3  WRITE ( 6 / 7 4 0 )  Nl/C 
p ^ % = |7 _ 4 ;O f;F -0 R HA T (7  17 :rW'C:r:r:/-4X3:;T3:/T'2TT0 p'E R A T M  
I F ( MWC . EQ . 0 )  GOTO 7 4 8  "
I TE ( 6^'/:745 ):( WCOPT I ) , I =1"» UWC ) ‘ 1 " F
7 4 5  F O R M A T ( 5 ( / l 5 ( F 8 . 2 ) ) )  ,
WRI TE( 6 / 7 5 0 ) NWM 
. 750  FORMAT( / '  WASHING M A C H I N E ! ' / 4  X / I 3 / ’ OPERATI ONS ' )
' ~TL “ IF ( FJUM . £ 0 , 0 )  GOTO 7 5 3  ' ~
WRI TE( 6 , 7 5 5 ) ( ( WMCOP( I , J ) , J = 1 , 3 ) / 1 = 1 / NWM)
I- - -7 5 5 - F 0 R! IA T ( /  5 ( 3  X # F 5 . 2 / F 7 . 1  / F A * 1 / 3 X ) )  “  "
7 5 3  WRI TE( 6 / 7 6 0 ) NKS 
• TT7.60 ' F o r m a t  ( 7  ' k i t  c h en  s' t n k : ( h o t  ) : * 7 4 X  , i  3-v ' o p e r a t i o n s * )
I F ( N K S . E Q . 0 ) GOTO 7 6 8  ..........T
WR IT £ (6  T76 5 ) < ( K ST NKOP ( I "§ J V , .I = 1 7 3 )  > I = 1 /  NKS)  '
™ . Z65l F 0 RMAJ  ( 1 0 ( /  5 ( 3 X / F5 . 3 , F 7 . 1  , F6 . 1  , 3X ) ) ) .......  .........
C “ "
c_ ■ ' :.....  ; . ........'  '      ■ ...
: ~ 7 6 8 = I F ( N D A Y- R UN D)1 00  / 0 / 0  -
   STOP ______   _
7' I I  c.IZ7"'............ ::...... ... ..’........II..i_nii'i" .. .
SOB ROUTINE OR DFR < N , A L I ST)
DIMENSION A LIS T ( 5 0 )  .
-  - D0 -|()0 j = ? , n  ~ " :
 ___ I = J ■ _ : - _ ' ' _ I .... I ^ T - T "7..■“ " - ~
K =J-1 ~ ’ - - - - - - -
50  I F ( A L I S T ( I ) ~ A L I S T ( K ) ) 0 , 0 , 1 0 0  ■ .
BU F = A L I ST ( K) _ V  ' -
  ______ __ A l_ I S T ( K ) = A LIST (J > ________ ___ _ ____ ____ • _
1 = 1-1  " ^   .........
__j____— j'p (■ K , p )  o ; o / 5 o " “ ■ ^ ........  .........
" I I I I I I I I I ^ R  F TUR N’ I I  _ I Z I Z Z I  3 1  ”Z T             
~371~~:F I N  ; ZZ    i i“......
